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Hitachi's 
products 
are not authorized 
for use in MEDICAL 
APPLICA- 
TIONS, 
including, 
but not limited to, use in life support devices without the 
written consent of the appropriate 
officer of Hitachi's 
sales company. Buyers 
of Hitachi's 
products 
are requested 
to notify Hitachi's 
sales offices 
when 
planning 
to use the products 
in MEDICAL 
APPLICATIONS. 


When using this manual, 
the reader should keep the following in mind: 


I. 
This manual 
may, wholly 
or partially, 
be subject 
to change 
without 


notice. 


2. 
All rights reserved: 
No one is permitted 
to reproduce 
or duplicate, 
in 


any form, the whole or part of this manual without Hitachi's 
permission. 


3. 
Hitachi will not be responsible 
for any damage to the user that may result 


from accidents or any other reasons during operation 
of his unit accord- 


ing to this manual. 


4. 
This manual neither ensures the enforcement 
of any industrial 
proper- 


ties or other rights, 
nor sanctions 
the enforcement 
right thereof. 


5. 
Circuitry 
and other examples 
described 
herein 
are meant 
merely 
to 
indicate 
characteristics 
and performance 
of Hitachi 
semiconductor- 


applied products. 
Hitachi assumes 
no responsibility 
for any patent in- 


fringements 
or other problems 
resulting from applications 
based on the 


examples 
described 
herein. 


6. 
No license is granted by implication 
or otherwise 
under any patents or 


other rights of any third party or Hitachi, 
Ltd. 
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• 
DATA SHEETS 
HD6321 
HD6821 
HD6340 
HD6840 


HD6844 
HD6345 
HD6445 
HD6845R 


HD6845S 
HD6350 
HD6850 
HD6852 
HD46508 


HD46508A 
HD63084 
HD63085Y 
HD68230 
HD63310 


HD63450 
HD68450 
HD63463 
HD63484 


HD63485 
HD63486 
HD68562 
HD63645 


HD64941 
HDl46818 


Peripheral Interface Adapter (CMOS) 
. 


Peripheral Interface Adapter (NMOS) 
. 


Programmable Timer Module (CMOS) 
. 


Programmable Timer Module (NMOS) 
. 


Direct Memory AccessController (NMOS) 
. 


CRT Controller (CMOS) 
. 


CRT Controller (CMOS) 
. 


CRT Controller (NMOS) 
. 


CRT Controller (NMOS) 
. 
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. 


Asynchronous Communications Interface Adapter (NMOS) 
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Analog Data Acquisition Unit (NMOS) 
. 


Document Image Pre-Processor (CMOS) 
. 


Document Image Compression and Expansion Processor (CMOS) 
. 


Parallel Interface Timer (NMOS) 
. 


Smart Dual Port RAM (CMOS) 
. 


Direct Memory AccessController (CMOS) 
. 


Direct Memory AccessController (NMOS) 
. 


Hard Disk Controller (CMOS) 
. 
Advanced CRT Controller (CMOS) 
. 


Graphic Memory Interface Controller (Hi-Bi CMOS) 
. 


Graphic Video Attribute Controller (Hi-Bi CMOS) 
. 


Dual Universal Serial Communications Controller (NMOS) 
. 


LCD Timing Controller (CMOS) 
. 


Asynchronous Communications Interface (NMOS) 
. 


Real Time Clock Plus RAM (CMOS) 
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LSI 
Characteristics 


Division 
Type 
Nol 
Clock 
~~~~~~ 
pperating··· 
Packaget 
Function 
Compatibility 
Reference 


Process 
Frequency 
Temperature 
Page 


Old 
Type 
Name 
IMHzl 
IV} 
rCI 


HD6321" 
1 
Peripheral 
Interface 
DP-40 
27 
HD63A21" 
CMDS 
1.5 
5.0 
-20-+75 
FP·54 
Adapter 
HD63B21' 
2 
PIA 
MC6821 
HD6821 
HD46821 
1 


HD68A21 
HD468A21 
NMOS 
1.5 
5.0 
-20 
.....+75 
DP-40 
Peripheral 
Interface 
MC68A21 
27 


HD468B21 
2 
Adapter 
MC68B21 
HD68821 


HD6340' 
1 


HD63A40· 
CMDS 
1.5 
5.0 
-20-+75 
DP·28 
Programmable 
Timer 
49 


Module 
HD63B40' 
2 
PTM 
HD6840 
1 
MC6840 


HD68A40 
NMOS 
1.5 
5.0 
-20-+75 
DP·28 
Programmable 
Timer 
MC68A40 
49 


Module 
HD68B40 
2 
MC68B40 


HD6844 
HD46504 
1 
MC6844 


DMAC 
HD68A44 
HD46504·1 
NMOS 
1.5 
5.0 
-20-+75 
DP-40 
Direct 
Memory 
MC68A44 
66 


Access 
Controller 
HD68B44 
HD46504·2 
2 
MC68B44 


H06345' 
1 
CRT 
Controller 


HD63A4S' 
CMOS 
1.5 
5.0 
-20 
.....+75 
DP-40 
(4.5 
MHz 
High 
99 
Speed 
Display) 
HD63845· 
2 
6800 
type 
bus timing 


HD6845 
HD46505R 
1 
CRT 
Controller 
MC6845 


HD68A45 
HD46505R·l 
NMOS 
1.5 
5.0 
-20-+75 
DP-40 
(3.0 
MHz 
High 
MC68A45 
139 


CRTC 
HD68B45 
HD46505R·2 
2 
Speed 
0 isplay) 
MC6884S 


HD6845S 
HD4650SS·' 
1 
CRT 
Controller 
HD68A45S 
HD46505S·' 
NMOS 
1.5 
5.0 
-20-+75 
DP-4Q 
(3.7 
MHz 
High 
139 


HD68845S 
HD46505S·2 
2 
Speed 
Display) 


CRT 
Controller 


HD6445-4· 
CMOS 
4 
5.0 
-20-+75 
DP-40 
(4.5 
MHz 
High 
99 
Speed 
Display) 


80 
type 
bus timing 


HD6350 
1 
Asynchronous 
HD63A50 
CMOS 
1.5 
5.0 
-20 
.....+75 
Dp·24 
Communications 
181 


HD63B50 
2 
Interface 
Adapter 
ACIA 
HD6850 
HD46850 
1 
Asynchronous 
MC6850 
NMOS 
5.0 
-20-+75 
DP·24 
Communications 
181 
HD68ASO 
HD468A50 
1.5 
I nterface 
Adapter 
MC68A50 


HD6852 
HD46852 
1 
Synchronous 
Serial 
MC6852 
SSDA 
NMOS 
5.0 
-20-+75 
DP·24 
Data 
Adapter 
193 
HD68A52 
HD468A52 
1.5 
MC68A52 


HD46508 
1 


HD46508·1 
1.5 
Anelog 
Dat8 
207 
ADU 
NMOS 
5.0 
-20-+75 
DP·24 
Aquisition 
Unit 
HD46508A 
1 


HD46508A·l 
1.5 


RTC 
HDl46818 
CMOS 
1 
5.0 
0 .•..+70 
DP·24 
Real 
Time 
Clock 
MC146818 
644 
Fp·24 
plus 
RAM 


DIPP 
HD63084' 
CMOS 
10(max) 
5.0 
0 .....+70 
DP-64S 
Document 
Image 
227 


Pre·Processor 


DICEP 
HD6308S· 
CMOS 
32lmax) 
Document 
Image 
Com· 
i59 
5.0 
0 .....+70 
PC·72 
pression 
and 
Expan· 
sion 
Processor 


~'PRAM 
HD63310" 
CMOS 
5.0 
0-+70 
DP-48 
Smart 
Dual 
Port 
305 
RAM 
LCTC 
HD63645" 
CMOS 
2 
5.0 
-20-+75 
FP-80 
LCD 
Timing 
Controller 
603 


ACI 
HD64941" 
NMOS 
5.0 
0-+70 
Dp·24N 
Asynchronous 
Com· 
SCN2641 
64' 
munications 
Interface 


• 
Preliminary 
•• 
Under 
development 
••• 
Wide 
temperature 
range 
1-40_+85°C) 
version 
is available. 


top: 
Plastic 
DIP. 
FP: 
Flat 
Plastic 
Package. 
DC: 
Ceramic 
DIP 
PGA: 
Pin Grid 
Array. 
PC: 
Ceramic 
Pin Grid 
Array. 


CP: 
Plastic 
Leaded 
Chip 
Carrier 
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LSI Characteristics 


Division 
Type No. 
Clock 
Supply 
Operating 
Function 
Compatibility 
Reference 
Process 
Frequency 
Voltage 
Temperature 
Package 
Page 
(MHz) 
(V) 
(OC) 


HD68230P8· 
8 
Parallel Interface 
MC68230L8 
273 
PI/T 
HD6823OP10· 
NMOS 
5.0 
0-+70 
DP-48 
Timer 
10 
MC68230L10 
HD63450-6· 
6 
DC-64 
HD63450-8· 
8 
DP-64 
Direct Memory 
307 
CMOS 
5.0 
0-+70 
DP-64S 
HD63450-10· 
10 
PGA-68 
Access Controller 


DMAC 
HD63450-12· 
12.5 
CP-68 


HD684504 
4 
MC68450L4 
HD68450-6 
6 
DP-64 
Direct Memory 
MC68450L6 
356 
NMOS 
5.0 
0-+70 
HD68450-8 
8 
PGA-68 
Access Controller 
MC68450L8 


HD68450-10 
10 


HD634634 
4 
DC48 


HOC 
HD63463-6 
CMOS 
6 
5.0 
0-+70 
DP48 
Hard Disk 
404 
Controller 
HD63463-8 
8 
CP-52 


HD634844 
4 
DC-64 
Advanced 
CRT 
472 
ACRTC 
HD63484-6 
CMOS 
6 
5.0 
0-+70 
DP-64 
Controller 
HD63484-8 
8 
CP-68 


HD63485·· 
Hi-Bi 
DP-64S 
Graphic Memory 
531 
GMIC 
5.0 
0-+70 
CMOS 
CP-68 
I nterface Controller 


GVAC 
HD63466·· 
Hi-Bi 
5.0 
0-+70 
DP-64S 
G,.phic 
video 
567 
CMOS 
CP-68 
Attribute 
Controller 


Dual Universal 
MC68562 
DUSCC 
HD68562·· 
NMOS 
4 (max) 
5.0 
0-+70 
DC-48 
Serial Communica- 
SCN68562 
600 


tions Controller 
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LSI Characteristics 


Division 
Type No. 
Clock 
Supply 
Operati~g· 
t 
Function 
CompatibilitY 
Reference 


Process 
Frequency 
Voltage 
Temperature 
Package 
Page 


(MHz) 
IVI 
rC) 


HD6845 
1 
CRT Controller 
MC6845 


HD68A45 
NMOS 
1.5 
5.0 
-20-+75' 
DP-40 
(3.0 MHz High 
MC68A45 
139 


HD68B45 
2 
Speed Displayl 
MC68B45 


HD6845S 
1 
CRT Controller 
HD68A45S 
NMOS 
1.5 
5.0 
-20-+75 
DP-40 
(3.7 MHz High 
139 


HD68B45S 
2 
Speed Displayl 


CRTC 
HD6345' 
1 
CRT Controller 


HD63A45' 
CMOS 
1.5 
5.0 
-20-+75 
DP-40 
(4.5 MHz High 
99 
Speed Display) 
~ 
HD63B45' 
2 
6800 type bus timing 
c 
CRT Controller 
<3 
HD6445-4' 
CMOS 
4 
5.0 
-20-+75 
DP-40 
(4.5 MHz High 
99 
~ 
Speed DisPlay) 
~ 
80 type bus timing 
is 
LCTC 
HD63645" 
CMOS 
2 
5.0 
-20-+75 
FP-80 
LCD Timing 
Controller 
603 


HD63484·4 
4 
DC-64 


ACRTC 
HD63484-6 
CMOS 
6 
5.0 
0-+70 
DP-64 
Advanced 
472 
CRT Controller 
HD63484-8 
8 
CP-68 


Hi-Bi 
DP-64S 
Graphic Memory 
GMIC 
HD63485" 
5.0 
0-+70 
531 
CMOS 
CP-6B 
Interface 
Controller 


Hi·Bi 
DP-64S 
Graphic Video 
567 
GVAC 
HD63486" 
CMOS 
5.0 
0-+70 
('0""" 
Attribute 
Controller 
•. 
HD6850 
1 
Asy nchronous 
MC6850 
181 
u 
NMOS 
5.0 
-20-+75 
DP·24 
Communications 
.• 
HD68A50 
1.5 
Interface 
Adapter 
MC68A50 
•. 
E 
ACIA 
HD6350 
1 
Asynchronous 
c 
HD63A50 
CMOS 
1.5 
5.0 
-20-+75 
DP·24 
Communications 
181 
a 
.~ 
HD63B50 
2 
,Interface 
Adapter 


'c 
HD6852 
1 
Synchronous 
Serial 
MC6852 
~ SSDA 
NMOS 
5.0 
-20-+75 
DP-24 
193 
E 
Data Adapter 
E 
HD68A52 
1.5 
MC68A52 
a 
Dual Universal Serial 
SCN68562 
f.) 
NMOS 
4 (max) 
DC·48 
600 
DUSCC 
HD68562" 
5.0 
0-+70 
Communications 
Control 
MC68562 


ACI 
HD64941" 
NMOS 
5.0 
0-+70 
DP·24N 
Asynchronous 
Com· 
SCN2841 
641 
munications 
Control 


HD6B40 
1 
MC6840 


HD68A40 
NMOS 
1.5 
5.0 
-20-+75 
DP-28 
Programmable 
Timer 
MC68A40 
49 
Module 
HD68B40 
2 
MC68B40 
g 
PTM 
HD6340' 
1 
c 
Programmable 
Timer 
a 
HD63A40' 
CMOS 
1.5 
5.0 
-20-+75 
Dp·28 
49 
f.) 
Module 


E 
HD63B40' 
2 


i= 
RTC 
HDl46818 
CMOS 
1 
5.0 
0-+70 
DP·24 
Real Time Clock 
MCl46818 
644 
FP-24 
Plus RAM 


HD68230P8' 
8 
Parallel Interface 
MC68230L8 
PItT 
NMOS 
5.0 
0-+70 
DP-48 
273 
HD68230Pl0' 
10 
Timer 
MC68230Ll0 


0 
HD63463·4 
4 
DC-48 
~p 
HOC 
HD63463-6 
CMOS 
6 
5.0 
0-+70 
DP-48 
Hard Disk Controller 
404 
l.L§ 
U 
HD63463-8 
8 
CP·52 


• Preliminary 
•• 
Under development 
••• 
Wide temperature 
range (-40 - +8SoCI 
version is available) 


t DP: Plastic DIP, DC: Ceramic DIP. 
FP: Flat Plastic Package# PGA: Pin Grid Array. 


PC: Ceramic Pin Grid Array, 
CP: Plastic Leaded Chip Carrier 
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LSI Characteristics 


Division 
Type No. 
Clock 
Supply 
Operating--- 
t 
Function 
Compatibility 
Reference 


Process 
Frequency 
Voltage 
Temperature 
Package 
Page 


(MHz) 
(V) 
1°C) 


HD6844 
1 
8·Bit 
Direct 
MC6844 


HD68A44 
NMOS 
1.5 
5.0 
-20-+75 
DP-40 
Memory 
Access 
MC68A44 
66 


e 
HD68B44 
2 
Controller 
MC68B44 
<: 
HD68450-4 
4 
MC68450L4 
0 
(J 
DMAC 
HD68450-6 
6 
DC-64 
16-bit 
Direct 
MC68450L6 
~ 
NMOS 
5.0 
0-+70 
Memory 
Access 
356 
t: 
HD68450-8 
8 
PGA-68 
Controller 
MC68450L8 
> 
HD68450-10 
10 
MC68450L10 
(I) 


HD63450-6' 
6 
DC-64 


HD63450-8' 
8 
DP-64 
16-Bit Direct 


CMOS 
5.0 
0-+70 
DP-64S 
Memory 
Access 
307 


HD63450-1 O' 
10 
PGA-68 
Controller 


HD63450-12' 
12.5 
CP-68 


S- 
Smart Dual Port 
305 
HD63310" 
CMOS 
5.0 
0-+70 
DP-48 
DPRAM 
RAM 


HD6821 
1 
MC6821 


HD68A21 
NMOS 
1.5 
5.0 
-20-+75 
DP-40 
Peripheral 
1nterface 
MC68A21 
27 


2 
Adapter 
MC68B21 
HD68821 
.. 
PIA 
j 


HD632,. 
1 
DP-40 
Peripheral 
Interface 
HD63A21' 
CMOS 
1.5 
5.0 
-20-+75 
Adapter 
27 


FP-54 
HD63821' 
2 
~ 
HD46508 
, 
..~ 
ADU 
HD46508-1 
1.5 
Analog Data 
0. 
NMOS 
5.0 
-20-+75 
DP-40 
207 
.., 
If 
HD46508A 
1 
Acquisition 
Unit 


HD46508A-1 
1.5 


HD68230PS' 
8 
Parallel Interface 
MC68230LB 
PI/T 
NMOS 
5.0 
0-+70 
DP-48 
273 


HD68230P10' 
10 
Timer 
MC68230L10 


HD63084' 
CMOS 
10 (max) 
5.0 
0-+70 
DP-64S 
Document 
Image 


227 


~CLl~ 
DIPP 
Pre-Processor 
E C>~ 
Document 
Image 
GE8 
0- e DICEP 
HD63085' 
CMOS 
32 (maxi 
5.0 
0-+70 
PC-72 
Compression and 
259 
0 
"- 
Expansion 
Processor 


- Preliminary 
-- 
Under development 
--- 
Wide temperature 
range (-40 -- +85° C) version is available. 


t DP: Plastic DIP. 
OC: Ceramic 
DIP. 
FP: Flat Plastic Package 
PGA: 
Pin Grid Array. 
PC: Ceramic Pin Grid Array. 
CP: Plastic leaded chip carrier 
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Hitachi 
microcomputer 
devices 
include 
various 
types 
of 


package which meet a lot of requirements such as ever smaller, 
thinner and more versatile electric appliances. When selecting a 
package 
suitable 
for the customers' 
use, please refer to the 
following for Hitachi microcompu ter packages. 


multi· function 
types, 
applicable 
to each kind 
of mounting 


method. 
Also, plastic 
and ceramic materials are offered 
ac· 


cording to use. 


Figure I shows the package classification according to the 


mounting 
types on the Printed 
Circuit Board (PCB) and the 


materials. 


1. Package Classification 


There are pin insertion 
types, surface mounting types and 


DIP; DUAL 
IN 
LINE 
PACKAGE 


S·DIP; SHRINK 
DUAL 
IN 
LINE 
PACKAGE 
PGA: PIN 
GRID 
ARRAY 
FLAT·DIP; 
FLAT 
DUAL 
IN 
LINE 
PACKAGE 
FLAT·QUIP; 
FLAT 
QUAD 
IN 
LINE 
PACKAGE 


CC: CHIP 
CARRIER 


SOP;SMALL 
OUTLINE 
PACKAGE 


FPP; FLAT 
PLASTIC 
PACKAGE 
PLCC; PLASTIC 
LEADED 
CHIP CARRIER 
LCC ; LEADLESS 
CHIP CARRIER 
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2. Type No. and Package Code Indication 
Type 
No. of Hitachi 
8/16 
bit microcomputer 
peripheral 
device is followed by package material and outline specifica- 
tions, as shown below. The package type llsed for each device 


is identified by code as follows, illustrated in the data sheet of 
each device. 
When ordering, please write the package code beside the type 
number. 


I Type No. Indication I 
HDXXXXP 


Package 
Classification 
No Indication 
: ceramic 
DIP 
P 
; Plastic 
DI P 
F (FP) 
; SOP, 
FPP 
CP 
; PLC~ 
Y 
; PGA 06·bit 
microcomputer 
device) 


I Package Code Indication 
I 
DP-64S 


Materials 


P 
;Plastic 
G 
; Glass 
Sealed 
ceramic 
C 
;Ceramic 


~ 
o ; DIP 
C 
; CC 
F 
; FLAT 
P 
;PGA 
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3, PICkage Dimensiona' OudiIM 
Hitachi multi·chip microcomputer 
device employs the pack. 
ages shown in Table 1 according to the mounting method on 
the PCB. 


Method of Mounting 
Package Classification 
Package Material 
Package Code 


DP-24 
DP-24N 


Plastic 
DP·28 
DP-40 


Standard Outline 
(DIP) 
Dp·M 


Pin Insertion Type 
Ceramic 
DC-48 
DC-64 


S·DIP 
Plastic 
DP-64S 
Shrink outl ine 
PGA 
PGA-68 
Glass Sealed Ceramic 
pc·n 


FLAT·DIP (SOP) 
FP·24 


Surface Mounting Type 
Flat Package 
Plastic 
Fp·54 
FLAT-QUIP (FPP) 
FP-80 


31.6( 1.2") 
124 
32.Smax.( I.lIOma •. ) 
131 
[:::::::::G~~ 


~~ 
12 
(00<7) 
..• 
:~~s~) 
I 
!: 
E 
Of 
E 
9!1 


!-:.: 
E<:: 
. 
In O,...N 
o e,:,~HJl 
s~l.\ 
254±025 
048±O I 
~~ 
~.l 
~ .. ";1 


(0 100±0010)-J1(0019±0004) 
Ne 
0'-15' 
\O.O\O~. 


31.6( 1.2•• ) 
lu 
32.Smax.(1.280mall..) 
131 
[ :::::::::::1]1 


~~ 
12 


(OO<7) 
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3S.6( 1.002) 


128 
36.6m••. (I.Ulmu.) 
ISI 
[::::::::]~~ 
~ 


-!..J I.,u 
10 
..., 
-;; 
15.20 


(O.OOn 
" 
.S 
,,~ 
I: 
(0.600) 
I 
~~~-~~~A' 
, 
c~ 
!.~ 
ot'3~'\\ 


2.SHO.2S 
O.•HO.I::l!? 
~' 
\O!\'$'~ 
~.O'OOO) 
e 
0'-15' 
(0,0 


~ 
" 
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4. Mounting Method on Board 


Lead pins of the package have surface treatment, 
such as 


solder coating or solder plating, to make them easy to mount 
on the PCB. The lead pins are connected 
to the package by 


eutectic solder. The following explains the common connecting 
method of leads and precautions. 


4.1 Mounting Method of Pin Insertion Type Package 


Insert lead pins of the package into through·holes 
(usually 
about </>O.8mm)on the PCB. Soak the lead part of the package 
in a wave solder tub. 
Lead pins of the package are held by the through·holes. 


Therefore, it is easy to handle the package through the process 
up to soldering, and easy to automate 
the soldering process. 


When soldering the lead part of the package in the wave solder 
tub , be careful not to get the solder on the package, because 
the wave solder will damage it. 


4.2 Mounting Method of Surface Mounting Type Package 


Apply the specified quantity 
of solder paste to the pattern 


on any printed board by the screen printing method, and put a 
package on it. The package is now ~emporarily 
fixed to the 
printed 
board by the surface tension of the paste. The solder 


paste melts when heated in a reflowing furnace, and the leads 
of the package and the pattern of the printed board are fIXed 
together 
by the surface tension of the melted' solder and the 


self alignment. 


The size of the pattern where the leads are attached, 
partly 
depending on paste material or furnace adjustment, 
should be 
1.1 to 1.3 times the leads' width. 


The temperature 
of the reflowing furnace depends on pack. 
age material and also package types. Fig. 2 lists the adjustment 
of the reflowing furnace for FPP. Pre·heat the furnace to Isaoc. 
The s~rface temperature 
of the resin should be kept at 23SoC 


max. for 10 minutes or less. 


(1) The 
temperature 
of the leads should be kept at 260°C 


for 10 minutes or less. 
(2) The 
temperature 
of the 
resin should 
be kept at 235°C 


for 10 minutes or less. 
(3) Below is shown the temperature 
profile when soldering a 
package by the reflowing method. 


Ensure 
good heater 
or temperature 
controls 
because the 
material of a plastic package is black epoxy.resin which damages 
easily. When an infrared heater is used, if the temperature 
is 
higher 
than 
the glass transition 
point 
of epoxy·resin 
(about 


Isa°C), 
for a long time, the package may be damaged and the 
reliability lowered. Equalize the temperature 
inside and outside 


the packages by l~ssening the heat of the upper surface of the 
packages. 


Leads of FPP may be easily bent under shipment or during 


handling 
and cannot 
be soldered onto 
the printed 
board. If 


they are, heat the bent leads again with a soldering iron to reo 
shape them. 


Use a rosin flux when soldering. Don't 
use a chloric flux 
because the chlorine in the flux tends to remain on the leads 
and lower the reliability of the product. 


Even if you use a rosin flux, remaining flux can cause the 


leads 
to 
deteriorate. 
Wash away 
flux 
from 
packages 
with 
alcohol, 
chlorothene 
or freon. 
But don't leave these solvents 


on the 
packages 
for a long time because the marking may 


disappear. 


5. Marking 
Hitachi trademark, 
product 
type No., etc. are printed 
on 
packages. Case I and Case II give examples of marks and Nos. 
Case I applies to products which have only a standard type No. 
Case II applies to products 
which have an old type No. and a 


standard type No. 
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1. VIEWS 
ON 
QUALITY 
AND 
RE,LIABILITY 
Basic views on quality 
in Hitachi are to meet individual 
user'~ purchase purpose and quality required, and to be at the 
satisfied quality level considering general marketability. 
Quality 
required by users is specifically clear if the contract specifica- 
tion is provided. If not, quality required is not always defmite. 
In both cases, efforts are made to assure the reliability so that 
semiconductor 
devices delivered can perform 
their 
ability in 
actual 
operating 
circumstances. 
To 
realize 
such 
quality 
in 
manufacturing 
process, the key points should be to establish 
quality 
control 
system in the process and to enhance morale 
for quality. 
In addition, 
quality 
required 
by users on semiconductor 
devices is going toward 
higher level as performance 
of elec- 
tronic system in the market is going toward higher one and is 
expanding 
size and application 
fields. To cover the situation, 
actual bases Hitachi is performing is as follows; 
(I) 
Build the reliability in design at the stage of new product 
development. 


(2) Build the quality at the sources of manufacturing process. 
(3) Execute the harder inspection and reliability confmnation 
of fmal products. 


(4) Make quality level higher with field data feed back. 
(5) Cooperate 
with 
research 
laboratories 
for higher 
quality 
and reliability. 
With the views and methods mentioned above, utmost efforts 
are made for users' requirements. 


2. RELIABILITY 
DESIGN 
OF SEMICONDUCTOR 
DEVICES 
2.1 Reliability Targets 
Reliability 
target 
is the 
important 
factor 
in manufacture 
and sales as well as performance 
and price. It is not practical to 
rate reliability 
target with failure rate at the certain common 
test condition. 
The reliability target is determined 
correspond- 
ing to character 
of equipments 
taking design, manufacture, 
inner process quality 
control, 
screening and test method, 
etc. 


into 
consideration, 
and 
considering 
operating 
circumstances 
of equipments 
the 
semiconductor 
device used in, reliability 
target of system, derating applied in design, operating condition, 
maintenance, etc. 


2.2 Reliability Design 
To achieve the reliability required based on reliability targets, 
timely 
sude and execution 
of design standardization, 
device 
design 
(including 
process 
design, 
structure 
design), 
design 
review, reliability test are essential. 
(I) 
Design Standardization 
Establishment 
of design rule, and standardization 
of parts, 
material and process are necessary. 
All for design rule, critical 
items on quality 
and reliability 
are always studied at circuit 
design, device design, layout design, etc. Therefore, as long as 
standardized 
process, material, etc. are used, reliability risk is 
extremely 
small even in new development devices, only except 
for in the case special requirements in function needed. 
(2) Device Design 
It is important 
for device design to consider total balance 
of process design, structure 
design, circuit and layout design. 


Especially in the case new process and new material are em- 
ployed, 
technical 
study 
is deeply 
executed 
prior 
to device 


development. 
(3) 
Reliability Evaluation by Test Site 
Test site is sometimes called Test Pattern. It is useful method 
for design and process reliability evaluation of IC and LSI which 
have complicated functions. 
I. Purposes of Test Site are as follows; 


• 
Making clear about fundamental failure mode 


• 
Analysis of relation between 
failure molle and manufac- 
turing process condition 
• 
Search for failure mechanism analysis 
• 
Establishment of QC point in manufacturing 
2. Effectiveness of evaluation by Test Site are as follows; 


• 
Common 
fundamental 
failure mode and failure mecha- 
nism in devices can be evaluated. 


• 
Factors dominating 
failure mode can be picked up, and 
comparison can be made with process haVingbeen experi- 
enced in field. 
• 
Able to analyze relation between failure causes and manu- 
facturing factors. 


• 
Easy to run tests. 


etc. 


2.3 Design Review 
Design review is organized method 
to confmn 
that design 
satisfies the performance 
required including users' and design 
work follows the specified ways, and whether or not technical 
improved items accumulated 
in test data of individual major 
fields and field data are effectively built in. In addition, from 
the standpoint 
of enhancement 
of competitive power of prod- 
ucts, .the major purpose of design review is to ensure quality 
and reliability 
of the products. 
In Hitachi, 
design review is 
performed 
from the planning stage for new products and even 
for design changed products. 
Items discussed and determined 
at design review are as follows; 
(I) 
Description 
of 
the 
products 
based 
on 
specified 
design 
documents. 
(2) 
From the standpoint 
of specialty of individual participants, 


design documents 
are studied, 
and if unclear matter 
is 
found, sub-program of calculation, 
experiments, 
investiga- 


tion, etc. will be carried out. 


(3) Determine 
contents 
of reliability and methods, etc. based 
on design document and drawing. 


(4) Check 
process 
ability 
of manufacturing 
line to achieve 
design goal. 
(5) Discussion about preparation for production. 
(6) Planning and execution of sub-programs for design change 
proposed by individual specialist, and for tests, experiments 
and calculation to confmn the design change. 


(7) 
Reference of past failure experiences with similar devices, 
confmnation 
of method 
to prevent 
them, 
and planning 
and execution 
of test program for confmnation 
of them. 


These 
studies 
and decisions 
are made 
using check lists 
made indiVidually depending on the objects. 


3. QUALITY 
ASSURANCE 
SYSTEM OF SEMICONDUCTOR 
DEVICES 
3.1 Activity of Quality Assurance 
General views of overall quality assurance in Hitachi are as 


follows; 
(I) 
Problems 
in individual 
process 
should 
be solved in the 
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process. 
Therefore, 
at fmal product 
stage, the. potential 
failure factors have been already removed. 


(2) 
Feedback of information should be made to ensure satisfied 
level of process ability. 


(3) To assure reliability 
required 
as an result of the things 
mentioned above is the purpose of quality assurance. 
The fonowings are regarding device design, quality approval 
at 
mass production, 
inner 
process 
quality 
control, 
product 
inspection and reliability tests. 


3.2 
Quality Approval 
To ensure quality and reliability required, quality approval 
is carried out at trial production 
stage of device design and 
mass production 
stage based on reliability design descnbed at 
section 2. 


The views on quality approval are as fonows; 
(I) 
The 
third 
party 
performs 
approval objectively 
from the 
standpoint of customers. 


(2) 
Funy 
consider 
past 
failure 
experiences 
and information 
from field. 


(3) Approval is needed for design change and work change. 
(4) Intensive approval is executed 
on parts material and pro- 
cess. 
(5) 
Study 
process ability 
and fluctuation 
factor, 
and set up 
control points at mass production stage. 


Considering 
the 
views mentioned 
above, quality 
approval 
shown in Figure I is performed. 


3.3 Quality and Reliability 
Control at Mass Production 
For 
quality 
assurance 
of 
products 
in mass 
production, 
quality control 
is executed 
with organic division of functions 


in manufacturing 
department, 
quality 
assurance department, 


which 
are major, 
and 
other 
departments 
related. 
The total 


function 
flow is shown in Figure 2. The main 
points 
are 


described below. 


3.3.1 
Quality Control of Parts and Material 
As the 
performance 
and the reliability 
of semiconductor 


devices are getting higher, importance 
is increasing in quality 


control 
of material and parts, which are crystal, lead frame, 


fme wire for wire bonding, 
package, to build products, 
and 


materials 
needed 
in manufacturing 
process, which are mask 


pattern 
and chemicals. Besides quality approval on parts and 


materials 
stated 
in section 
3.2, the 
incoming 
inspection 
is, 


also, key 
in quality 
control 
of parts and materials. 
The in- 


coming inspection 
is performed 
based on incoming inspection 


specification 
fonowing 
purchase 
specification 
and 
drawing, 


and sampling inspection 
is executed 
based on MIL-STD-I05D 


mainly. 


The other activities of quality assurance are as fonows: 


(I) 
Outside Vendor Technical Information Meeting 
(2) Approval 
on outside 
vendors, 
and guidance 
of outside 


vendors 
(3) Physical chemical analysis and test 
The typical check points of parts and materials are shown in 
Table 1. 


3.3.2 
Inner ProcessQuality Control 
Inner process quality control is performing very important 


function 
in quality 
assurance of semiconductor 
devices. The 


fonowing is description 
about control 
of semi-fmal products, 


fmal products, 
manufactUring facilities, measuring equipments, 


Characteristics 
of Material 
and 
Parts 
Appearance 
Dimension 
He.t 
Resistance 
Mechanical 
Electrical 
Others 


Confirmation 
of 
Characteristics 
and 
Reliability 
of Materials 


and Parts 


Confirmation 
of Target 
Spec. 
Mainly about 
Electrical 
Characteristics 


Electrical 
Characteristics 
Function 
Volt_ 
Current 
Temperature 
Othars 
Appearance. 
Dimens.ion 


Reliability 
Test 
Lif. Test 
Thermal 
Stre •• 
Moisture 
Resistance 
Mechanical 
Stress 
Othars 


Raliability 
Tast 
Process 
Check 
serne as 
Quality 
Approval 
(11 


Confirmation 
of Quality 


and Reliability 
in Mass 


Production 
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circumstances 
and sub-materials. 
The quality 
control 
in the 


manufacturing 
process is shown in Figure 3 corresponding 
to 


the manufacturing 
process. 


(l) 
Quality Control of Semi-fmal Products and Final Products 


Potential 
failure factors of semiconductor 
devices should be 


removed preventively in manufacturing 
process. To achieve it, 
check points 
are set-up in each process, and products which 


have potential failure factor are not transfer to the next process. 
Especially, 
for high reliability 
semiconductor 
devices, manu- 


facturing line is rigidly selected, and the quality control in the 
manufacturing 
process 
is tightly 
executed 
- 
rigid check in 


each process and each lot, 100% inspection in appropriate ways 
to remove failure factor caused by manufacturing 
fluctuation, 
and execution 
of screening needed, such as high temperature 


aging 
and 
temperature 
cycling. 
Contents 
of 
inner 
process 


quality control are as follows; 
• 
Condition control on individual equipments 
and workers, 
and sampling check of semifmal products. 


• 
Proposal and carrying-out improvement of work 


• 
Education of workers 


• 
Maintenance and improvement of yield 


• 
Picking-up of quality problems, and execution of counter- 


I 
I 
I 
I 
I 
I~- --- 


measures 
• 
Transmission of information about quality 
(2) Quality Control of Manufacturing 
Facilities and Measuring 


Equipment 
Equipments 
for manufacturing 
semiconductor 
devices have 


been developing extraordinarily 
with necessary high perform- 


ance devices and improvement of production, 
and are important 


factors 
to determine 
quality and reliability. 
In Hitachi, auto- 


matization 
of manufacturing 
equipments 
are promoted 
to im- 


prove 
manufacturing 
fluctuation, 
and controls 
are made to 


maintain 
proper 
operation 
of high performance 
equipments 


and perform the proper function. As for maintenance inspection 
for quality control, there are daily inspection which is perform- 
ed daily based on specification related, and periodical inspection 
which is performed 
periodically. 
At the inspection, 
inspection 


points listed in the specification are checked one by one not to 
make 
any omission. 
As for adjustment 
and maintenance 
of 


measuring equipments, 
maintenance 
number, 
specification 
are 


checked one by one to maintain and improve quality. 
(3) 
Quality Control of Manufacturing 
Circumstances and Sub- 


materials 
Quality 
and 
reliability 
of semiconductor 
device is highly 


Inspection 
on Material 
and 
Parts for Semiconductor 
Devices 


Manufacturing 
Equipment, 


Environment, 
SUb-material. 


Worker 
Control 


100::Kt 
Inspection on 
Appearance 
and Electrical 
Characteristics 


Sampling 
Inspection 
on 
Appearance 
and Electrical 
Characteristics 


r---------------, 
: 
Quality 
Information 
I 
I 
Claim 
: 
t 
Field Experience 


: 
G.neral 
Quality 
Information 
I 
L 
~ 


Lot Sampling, 
Confirmation 
of 


Quality 
Level 


Lot Sampling, 
Confirmation 
of 


Qual ity Level 


--1 
Lot Sampling 


.Confirmation 
of 


Quality 
Level, Lot 


Sampling 
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affected by manufacturing 
process. Therefore, 
the controls of 
manufacturing 
circumstances 
- temperature, 
humidity, 
dust - 


and the control 
of submaterials 
- 
gas, pure water - 
used in 
manufacturing 
process are intensively 
executed. 
Dust control 


is descnlled in more detail below. 


Dust control 
is essential to realize higher integration 
and 
higher reliability 
of devices. In Hitachi, maintenance 
and im· 
provement 
of cleanness 
in manufacturing 
site· are executed 
with 
paying 
intensive 
attention 
on buildings, 
facilities, 
air· 


conditioning 
systems, materials delivered·in, clothes, work, etc., 
and periodical inspection on floating dust in room, falling dusts 
and dirtiness of floor. 


3.3.3 
Final Product Inspection and Reliability Assurance 


(I) 
Final Product Inspection 
Lot inspection 
is done by quality assurance department 
for 
products 
which were judged 
as good products 
in 100% test, 
which is fmal process in manufacturing 
department. 
Though 
100% of good 
products 
is expected, 
sampling inspection 
is 
executed 
to prevent mixture of failed products by mistake of 
work, etc. The inspection is executed not only to confmn that 
the products meet users' requirement, 
but to consider potential 
factors. Lot inspection is executed based on MIL-STD·I05D. 
(2) Reliability Assurance Tests 
To assure reliability 
of semiconductor 
devices, periodical 


reliability tests and reliability tests on individual manufacturing 
lot required by user are performed. 


Table 1 
Quality Control Check Points of Material and Parts 
(Example) 


Material, 
Important 
Point for Check 
Parts 
Control Items 
Appearance 
Damage and Contamina- 


tion on Surface 


Wafer 
Dimension 
Flatness 
Sheet Resistance 
Resistance 
Defect Density 
Defect Numbers 


Crystal Axis 
Appearance 
Defect Numbers, Scratch 


Mask 
Dimension 
Dimension Level 


Resistoration 
Gradation 
Uniformity of Gradation 


Fine 
Appearance 
Contamination, 
Scratch, 


Wire for 
Bend, Twist 


Wire 
Dimension 


Bonding 
Purity 
Purity Level 
Elongation Ratio 
Mechanical Strength 


Appearance 
Contamination, 
Scratch 


Dimension 
Dimension Level 


Processing 
Frame 
Accuracy 
Plating 
Bondability, Solderability 


Mounting 
Heat Resistance 


Characteristics 
Appearance 
Contamination, 
Scratch 


Dimension 
Dimension Level 


Leak Resistance 
Airtightness 
Plating 
Bondability, Solderability 


Ceramic 
Mounting 
Heat Resistance 


Package 
Characteristics 
Electrical 
Characteristics 
Mechanical 
Mechanical Strength 


Strength 
Composition 
Characteristics of 


Plastic Material 


Electrical 
Characteristics 


Plastic 
Thermal 
Characteristics 
Molding 
Molding Performance 


Performance 
Mounting 
Mounting Characteristics 


Characteristics 
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wafer-:l 


, Surface Oxidation 
Inspection 
on Surface 
Oxtdation 
Photo 
Resist 


Inspection 
on Photo Resist 


o PQC Level Check 
Diffusion 


Inspection 
on Evaporation 


o PQC Level Check 
Wafer 
Inspection 


Inspection 
on Chip 
Electrical 
Characteristics 


Chip Scribe 
Inspection 
on Chip 
Appearance 


o PQC Lot Judgement 


Inspection 
after 
Assembling 
o PQC Lot Judgement 


o PQC Level Check 
Final Electrical 
Inspection 


o Failure Analysis 


Appearance 
Inspection 
Sampling 
Inspection 
on 
Products 
Receiving 


Shipment 


Diffusion 
Depth, Sheet 
Resistance 
Gate Width 
Characteristics 
of Oxide 
Film 
Breakdown 
Voltage 


Thickness of Vapor 
Film, 
Scratch, Contamination 


Thickness, 
VTH 
Characteris- 


tics 
Electrical 
Characteristics 


Assembling 
Appearance after Chip 
Bonding 
Appearance 
after Wire 
Bonding 
Pull Strength. 
Compression 
Width, 
Shear Strength 
Appearance 
after Assembling 


Appearance 
after Sealing 
Outline, 
Dimension 
Marking 
Strength 


Scratch, 
Removal of Crystal 


Defect Wafer 
Assurance of Resistance 
Pinhole, Scratch 


Dimension 
Level 
Check of Photo Resist 
Diffusion 
Status 


Control 
of Basic Parameters 


(VTH, 
etc.) Cleanness of surface, 


Prior Check of VIH 
Breakdown 
Voltage Check 


Assurance of Standard 
Thickness 


Quality 
Check of Chip 
Bonding 
Quality 
Check of Wire 
Bonding 
Prevention 
of Open and 
Short 
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Countermeasure 
Execution of 
Countermeasure 


Follow-up and Confirmation 
of Countermeasure Execution 


Report 
L 
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1. INTRODUCTION 
Microcomputer 
is required to prf,lvide higher reliability and 
quality with increasing function, 
enlarging scale and widening 
application. 
To meet this demand, 
Hitachi is improving 
the 
quality by evaluating reliability, building up quality in process, 
strengthening inspection and analyzing field data etc .. 
This chapter describes reliability and quality assurance data 


for Hitachi g·bit and l6-bit microcomputer 
Peripheral based on 


test and failure analysis results. More detail data and new infor. 
mation will be reported in another reliability data sheet. 


2. 
PACKAGE 
AND 
CHIP 
STRUCTURE 
2.1 Peck. 
The reliability 
of plastic molded 
type has been greatly im· 
proved, recently their applications 
have been expanded to auto- 
mobiles measuring and control systems, and computer 
terminal 


equipment 
operated 
under 
relatively 
severe conditions 
and 
production 
output 
and application 
of plastic molded type will 
continue to increase. 
To meet 
such requirements, 
Hitachi 
has considerably 
im· 
proved moisture 
resistance, 
operation 
stability, 
and chip and 
plastic manufacturing 
process. 


Plastic and ceramic 
package type structure 
are shown in 
Figure I and Table I. 


Item 
Ceramic DIP 
Plastic DIP 
Plastic Flat Package 


Package 
Alumina 
Epoxy 
Epoxy 


Lead 
Tin plating Brazed Alloy 42 
Solder dipping Alloy 42 or C, 
Solder plating Alloy 42 


Seal 
Au-Sn Alloy 
N.A 
N.A 


Die bond 
Au-Si 
Au-Si or Ag paste 
Au-Si or Ag paste 


Wire bond 
Ultrasonic 
Thermo compression 
Thermo compression 


Wire 
AI 
Au 
Au 
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2.2 
Chip Structure 


Hitachi microcomputers 
are produced 
in NMOS E/D tech· 


nology or low power CMOS technology. Si·gate process is used 
in both types because of high reliability and high density. 


Chip structure and basic circuit are shown in Figure 2. 


3. QUALITY 
QUALIFICATION 
AND 
EVALUATION 
3.1 
Reliability 
Tert Methods 
Reliability test methods shown in Table 2 are used to qualify and evaluate the new products and new process. 


Test Items 
Test Condition 
MIL-STD-883B Method No. 


Operating Life Test 
12SoC,10oohr 
looS,2 


High Temp, Storage 
Tstg max, 1000hr 
1008,1 
Low Temp, Storage 
Tstg min, l000hr 


Steady State Humidity 
6SoC 9S%RH, l000hr 


Steady State Humidity Biased 
8SoC 8S%RH, 1000hr 


Temperature Cycling 
-SSoC - 150°C, 10 cycles 
1010,4 
Temperature Cycling 
-20°C - 
12SoC:2oo cycles 


Thermal Shock 
O°C - 100°C, 100 cycles 
1011,3 
Solderi ng Heat 
260°C, 10 see 


Meehan ical Shock 
lS00G O.S msec, 3 times/X, Y, Z 
2002,2 


Vibration Fatigue 
60Hz 20G, 32hrs/X, 
Y, Z 
2005,1 


Variable Frequency 
2Q-2oo0Hz2oo,4 
min/X, Y, Z 
2007,1 
Constant Acceleration 
200000,1 
min/X, Y, Z 
2001,2 
Lead Integrity 
22Sgr, 90° 3 times 
2004,3 
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3.2 
Reliability Test Result 
Reliability 
Test Result of 8-bit microcomputer 
Peripheral 


devices is shown in Table 3 to Table 7, that of 16-bit micro- 


computer 
Peripheral devices in Table 8, Table 9. There is little 


difference according to device series, as the design and produc- 
tion process, etc. are standardized. 


Device Type 
Sample Size 
Component Hours 
Failures 


HD6821 
399 
266368 
1· 
HD6850 
158 
158000 
0 
HD6852 
170 
125816 
0 
HD6846 
69 
69000 
0 
HD6843 
66 
66000 
0 
HD6844 
80 
69000 
0 
HD6845S 
88 
55000 
0 
HD6840 
64 
64000 
0 
HD46508 
140 
140000 
0 
HD146818 
44 
44000 
0 
HD6350 
70 
70000 
0 
HD6321 
45 
45000 
0 


Total 
1,393 
1,172,184 
1 


Estimated 
Field Failure 
Rate 
: 0.01% 11000 hrs at Ta: 
7SoC 


(Activation 
Energy = O.7eV. Confidence 
level 
60%) 


Device Type 
Vcc Bias 
168 hrs 
500 hrs 
1000 hrs 


HD6850P 
5.5V 
0/45 
0/45 
0/45 
HD6852P 
5.5V 
0122 
0122 
0/22 
HD6843P 
5.5V 
0122 
0/22 
0/22 
HD6844P 
5.5V 
0122 
0122 
0/22 
HD6845SP 
5.5V 
0/137 
0/137 
0/137 
HD6840P 
5.5V 
0/22 
0122 
0122 
HD46508P 
5.5V 
0/22 
0/22 
0/22 
HD146818P 
5.5V 
0122 
0122 
0122 
HD6321P 
5.5V 
0/22 
0/22 
0122 
Total 
0/336 
0/336 
0/336 
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Device Type 
Condition 
168 hrs 
500 hrs 
1000 hrs 


HD6850P 
65·C 
95%RH 
0/135 
0/135 
0/135 


HD6850P 
80·C 
90%RH 
0122 
0122 
0122 


HD6852P 
85·C 
95%RH 
0122 
0/22 
0122 


HD6844P 
80·C 
90%RH 
0/22 
0122 
0/22 
HD6845SP 
80·C 
90%RH 
0/22 
0122 
0/22 
HD6840P 
65·C 
95%RH 
0/22 
0122 
0122 
HD46508P 
65·C 
95%RH 
0/70 
0170 
0170 
HD146818P 
65·C 
95%RH 
0/45 
0/45 
0/45 
HD6350P 
65·C 
95%RH 
0170 
0170 
0170 
HD6321P 
65·C 
95%RH 
0170 
0/70 
0/70 


(3) 
Pressure Cooker 
Test 
(Condition; 
2atm 
121·C) 


Device Type 
40 hrs 
60 hrs 
100 hrs 
200 hrs 


HD6821P 
0/44 
0/44 
0/44 
- 


HD6850P 
0122 
0122 
0122 
- 
HD6843P 
0/22 
0/22 
0/22 
- 


HD6845SP 
0/43 
0/43 
0/43 
1"/43 


HD46508P 
0145 
0/45 
0/45 
- 
HD146818P 
0122 
0122 
0122 
- 
HD6350P 
0122 
0122 
0/22 
- 


HD6321P 
0/22 
0122 
0/22 
- 


(41 MIL-STD-883B 
Moisture 
Resistance Test 
(Condition; 
65·C - 
-10·C, 
over 90%RH. 
Vcc = 5.5V) 
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Device Type 
10 cycles 
100 cycles 
200 cycles 


HD6821P 
0/420 
0/44 
1*/44 
HD6850P 
0/151 
0/38 
0/38 
HD6852P 
0/149 
0/38 
0/38 
HD6843P 
0/247 
0/44 
0/44 
HD6844P 
0/150 
0/44 
0/44 
HD6845SP 
0/358 
0/76 
0/76 
HD6840P 
0/148 
0/22 
0/22 


HD46508P 
0/207 
0/44 
0/44 
HD146818P 
0/103 
0/22 
0/22 


HD6350P 
0/150 
0/45 
0/45 


HD6321P 
0/120 
0/45 
0/45 


Device 
Temperature 
168 hrs 
500 hrs 
1000 hrs 


Peripheral 
total 
150°C 
0/110 
0/110 
0/110 
_55°C 
0/88 
0/88 
0/88 


Plastic DIP 
Flat Plastic Package 
Test Item 
Condition 
Sample Size 
Failure 
Sample Size 
Failure 


Thermal 
Shock 
O°C - 
100°C 
110 
0 
100 
0 
10 cycles 


Soldering 
Heat 
260°C, 
10 sec. 
164 
0 
20 
0 


Salt Water Spray 
35°C, NaCI 5% 
110 
0 
20 
0 
24 hrs 


Solderability 
230°C,S 
sec. 
159 
0 
34 
0 
Rosin flux 


Drop Test 
75cm, maple board 
110 
0 
20 
0 
3 times 


Mechanical 
Shock 
1500G, 0.5 ms 
110 
0 
20 
0 
3 times/X, 
Y, Z 


Vibration 
Fatigue 
60 Hz, 20G 
110 
0 
20 
0 
32 hrs/X, 
Y, Z 


Vibration 
Variable 
Freq. 
100-2000 
Hz 
110 
0 
20 
0 
20G,4 
times/X, 
Y, Z 


Lead Integrity 
225 g, 90° 
110 
0 
20 
0 
80nding 
3 times 
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Condition 


Device Type 
168 hrs 
500 hrs 
1000 hrs 


Ta 
Vcc 


125°C 
5.5V 
0/44 
0/44 
0/44 
HD68450 


150°C 
5.5V 
0/32 
0/32 
0/32 


HD63484 
125°C 
5.5V 
0/45 
0/45 
0/45 


Estimated 
Field Failure 
Rate 
= 0.013%/1000 
hrs at Ta = 75'C 


(Activation 
Energy 
O.7eV, Confidence 
Level 60%) 


Device Type 


Test Item 
Condition 
HD68450 


High Temperature 
Ta = 295°C, 
1000 hrs 
0/22 


Storage 


Low Temperature 
Storage 
Ta = -55°C, 
1000 hrs 
0/42 


Temperature 
-55°C 
- 
25°C - 
150°C 
0/45 


Cycling 
(1) 
10 cycles 


Temperature 
-20°C 
- 
25°C - 
125°C 
0122 


Cycling 
(2) 
500 cycles 


Thermal 
-55°C 
- 
125°C 
0/22 


Shock 
15 cycles 


Soldering 
heat 
260°C, 
10 see 
0/22 


Solderability 
230°C, 
5 see 
0/22 


Mechanical 
1500G, 0.5 msec 
0122 


Shock 
3 times/X, 
Y, Z 


Vibration 
20 - 
2000 Hz, 20G 
0122 


Variable 
Freq. 
3 timeslX, 
Y, Z 


Constant 
20000G 
0122 


Acceleration 
1 minIX, 
Y, Z 
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4. 
PRECAUTION 
4.1 
Storage 


It is preferable to store semicondrtctor devices in the follow· 


ing ways to prevent 
detrioration 
in their 
electrical 
charac· 
teristics, solderability, and appearance, or breakage. 
(I) 
Store in an ambient temperature 
of 5 to 30°C, and in a 


relative humidity of 40 to 60%. 
(2) 
Store in a clean air environment, 
free from dust and active 


gas. 
(3) 
Store in a container which does not induce static electric· 
ity. 


(4) 
Store without any physical load. 
(5) 
If semiconductor 
devices are stored for a long time, store 


them 
in the 
unfabricated 
form. 
If their lead wires are 


formed beforehand, 
bent parts may corrode during storage. 
(6) 
If the chips are unsealed, store them in a cool, dry, dark, 
and dustless place. Assemble them within 5 days after un· 
packing. Storage in nitrogen gas is desirable. They can be 
stored for 20 days or less in dry nitrogen gas with a dew 
point 
at _30°C or lower. Unpacked devices must not be 


stored for over 3 months. 
(7) 
Take care not to allow condensation 
during storage due to 


rapid temperature 
changes. 


4.2 
Transportation 


As with 
storage 
methods, 
general precautions 
for other 


electronic 
component 
parts are applicable 
to the transporta· 
tion 
of 
semiconductors, 
semiconductor.incorporating 
units 


and other similar systems. In addition, the follOWingconsidera· 
tions must be given, too: 
(I) 
Use containers or jigs which will not induce static electric· 
ity as the result of vibration during transportation. 
It is 


desirable 
to use an electrically 
conductive 
container 
or 


aluminium foil. 
(2) 
In order to prevent device breakage from clothes·induced 
static electricity, workers should be properly grounded with 
a resistor while handling devices. The resistor of about I M 
ohm must be provided 
near the worker to protect 
from 


electric shock. 
(3) 
When transporting 
the 
printed 
circuit 
boards on which 


semiconductor 
devices are mounted, 
'suitable 
preventive 


measures against static electricity induction must be taken; 
for 
example, 
voltage built·up 
is prevented 
by shorting 


terminal circuit. When a belt conveyor is used, prevent the 
conveyor belt from being electrically charged by applying 
some surface treatment. 
(4) 
When transporting 
semiconductor 
devices or printed circuit 


boards, minimize mechanical vibration and shock. 


4.3 
Handling for Measurement 


Avoid static electricity, 
noise and surge·voltage when semi· 


conductor 
devices are measured. It is possible to prevent break· 
age by shorting 
their terminal 
circuits to equalize electrical 


potential during transportation. 
However, when the devices are 


to be measured or mounted, 
their terminals are left open to 


provide the possibility that they may be accidentally touched 
by a worker, measuring instrument, work bench, soldering iron, 
belt conveyor, etc. The device will fail if it touches something 
which leaks current 
or has a static charge. Take care not to· 
allow 
curve 
tracers, 
synchroscopes, 
pulse 
generators, 
D.C. 
stabilizing power supply units etc. to leak current through their 
terminals or housings. 
Especially, while the devices are being tested, take care not 


to apply surge voltage from the tester, to attach a clamping 
circuit 
to the tester, 
or not to apply any abnormal 
voltage 
through a bad contact from a current source. 


During measurement, 
avoid miswiring and short-circuiting. 


When inspecting 
a printed 
circuit 
board, 
make sure that 
no 
soldering bridge or foreign matter exists before turning on the 
power switch. 
Since these precautions 
depend 
upon 
the types of semi· 
conductor devices, contact Hitachi for further details. 


4.4 
Soldering 
Semiconductor 
devices should not be left at high tempera· 
tures 
for a long time. 
Regardless 
of the soldering method, 


soldering must be done in a short time and at the lowest pos· 
sible temperature. 
Soldering work must meet soldering heat test 
conditions, 
namely, 260°C for 10 seconds and 350°C for 3 
seconds at a point I to 1.5 mm away from the end of the device 
package. 
Use of a strong alkali or acid flux may corrode the leads, 


deteriorating 
device characteristics. The recommended soldering 
iron is the type that is operated with a secondary voltage sup· 
plied by a transformer 
and grounded 
to protect 
from lead 
current. Solder the leads at the farthest point from the device 
package. 


4.5 
Removing Residual Flux 
To ensure the reliability of electronic systems, residual flux 


must be removed from circuit boards. Detergent or ultrasonic 
cleaning is usually applied. If chloric detergent is used for the 
plastic 
molded 
devices, package corrosion 
may occur. Since 


cleaning 
over extended 
periods or at high temperatures 
will 
cause swollen chip coating due to solvent permeation, select the 
type 
of 
detergent 
and 
cleaning 
condition 
carefully. 
Lotus 
Solvent and Dyfron Solvent are recommended 
as a detergent. 
Do not use any trichloroethylene 
solvent. For ultrasonic clean· 
ing, the following conditions are advisable: 
• 
Frequency: 28 to 29 kHz (to avoid device resonation) 


• 
Ultrasonic output: 
15W/9. 


• 
Keep 
the 
devices out 
of direct 
contact 
with 
the power 
generator. 


• 
Cleaning time: Less than 30 seconds 
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DATA 
SHEETS 


8-BIT ·16-BIT 
PERIPHERAL 
LSI 
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HD6321/HD6821 
PIA (Peripheral Interface Adapter) 


The HD6321/HD682l 
Peripheral Interface Adapter provides 
the universal means of interfacing peripheral equipment 
to the 


HD6800 
Microprocessing 
Unit (MPU). This device is capable 


of interfacing 
the MPU to peripherals 
through 
two 8·bit bi- 


directional 
peripheral 
data buses and four control 
lines. No 
external 
logic is required 
for interfacing 
to most peripheral 


devices. 


The functional 
configuration 
of the PIA is programmed by 


the MPU during system initialization. 
Each of the peripheral 


data lines can be programmed to act as an input or output, and 
each of the four control/interrupt 
lines may be programmed for 


one of several control 
modes. This allows a high degree of 


flexibility in the over-all operation of the interface. 


FEATURES 
• 
Two Bi-directional 8-bit Peripheral Data Bus for interface to 
Peripheral devices 
• 
Two programmable control, Data Direction Registers 
• 
Four 
Individually 
Controlled 
Interrupt 
Input 
Lines: Two 
Usable as Peripheral Control Outputs 
• 
Handshake 
Control 
Logic for Input and Output 
Peripheral 
Operation 


CAI, 
CA, 
PortA(PAo- 
PA,) 
CA 
" 
CB, 
Port B (PSo - 
P8,) 
• 
High·lmpedance 3-State and Direct Transistor Drive Periphe- 
ral Lines 


• 
Two TTL Drive Capability on All A and 8 Side Buffers 


-HD6321- 
• 
Low-Power, High-Speed, High-Density CMOS 
• 
Wide Range Operating Voltage (Vcc = 5V ± 10%) 
• 
Compatible with NMOS PIA (HD6821) (Refer to Electrical 
Specification as to Minor difference) 


-HD6821- 
• 
Compatible with MC6821, MC68A21 and MC68B21 


Type No. 
Process 
Clock Frequency 
Package 
HD6321 
1.0 MHz 
DP-40 


HD63A21 
CMOS 
1.5 MHz 
FP-54 
HD63B21 
2.0 MHz 


HD6821 
1.0 MHz 
HD68A21 
NMOS 
1.5 MHz 
DP-40 
HD68B21 
2.0 MHz 


The specifications of the HD6321 are for preliminary and may 
change hereafter. 
Please make an inquire at sales office upon 


adoption of the HD6321. 
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• 
PIN ARRANGEMENT 
• 
HD6321P, 
HD6821P 
• 
HD6321FP 
-~I~I~ 
. 
« « II: a:CIl 
00 
__ a: 


<NC> 
<NC> 
<NC> 
PA, 
PA, 
PA, 
PA, 
PB. 
PB, 
PB, 
PB, 
PB, 
PB, 
<NC> 
<NC> 
<NC> 
21 
<NC> 
22 


• BLOCK 
DIAGRAM 


~ 
CA, 


CA, 


Do 
D, 
D, 
D, 
D. 
D. 
Do 
,'" 
D, 
'A, 
'A, 
'A.,.•. 


'A. 
,'" 
'A, 


V" 
'. 
V" 
••• 
••• 
Clo 
,.. 
C•• 
C••• 
,.. 
rr. 
_. 
'. 
Ole 
..• 
'. 
••• 
~ 
,., 
.,w 
ContrOl 
I 
lID 


C•• 
,_ 


C•• 
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Item 
Symbol 
Value 
Unit 
HD6321 
H06821 


Supply 
Voltage 
Vcc" 
-0.3 
- 
+7.0 
-0.3- 
+7.0 
V 


Input 
Voltage 
Vin" 
-0.3 
- 
+7.0 
-0.3- 
+7.0 
V 


Maximum 
Output 
Current 
110 I"" 
10 
- 
mA 


Maximum 
Total 
Output 
Current 
1~lol""" 
100 
- 
mA 


Operating 
Temperature 
ToDr 
-20 
- 
+75 
-20 
- 
+75 
°c 


Storage Temperature 
T stg 
-55 
- 
+150 
-55 
- 
+150 
°c 


" With respect to Vss 
(SYSTEM 
GNDI 


•• 
Maximum 
output 
current 
is the maximum 
current which can flow in or flow out from one output 
terminal 
and I/O common 


terminal. (PAo-PA7. 
CA2. PBo-PB7. CB2. 00-°7) 


••• 
Maximum 
total output 
current 
is the total sum of output 
current which can flow in or flow out simultaneously 
from output 
tarminals and 1/0 common terminals. (PAo-PA7. CA2. PBo-PB7. CB2. 00-°7) 


(NOTE) 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. 
Normal operation 
should be under recommended 


operating 
conditions. 
If these conditions 
are exceeded, 
it could affect 
reliability 
of LSI. 


Item 
Symbol 
H06321 
HD6821 
Unit 
min. 
tVD 
max. 
min. 
tVD 
max. 


Supply 
Voltage 
Vcc " 
4.5 
5.0 
5.5 
4.75 
5.0 
5.25 
V 


Input 
"Low" 
Voltage 
VIL" 
-0.3 
- 
0.8 
-0.3 
- 
0.8 
V 


00-07• 
PAo- 


Input 
"High" 


PA7• CA1• CA2 
2.2 
Vcc 
PBo-PB7 
voltage 


CB1• CB, 
E. RIW. CSo• 
VIH" 
- 
2.0 
- 
Vcc 
V 


CS2• CS1• RSo• 
3.0"" 
Vcc 
RS1• RES 


Operating 
Temperature 
Topr 
-20 
25 
75 
-20 
25 
75 
°c 


• 
With respect to VSS (SYSTEM 
GNO) 


•• 
Characteristics 
will be improved. 
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• 
ELECTRICAL 
CHARACTERISTICS 
• 
DC CHARACTERISTICS 
(HD6321; 
Vcc = SV ±10%, HD6821; 
Vcc = SV ±S%, Vss = OV, Ta = -20 
-+7SoC, 
unless otherwise 
noted.) 


HD6321 
HD6821 
Item 
Symbol 
Unit 


Test Condition 
min. 
tyP' 
ma. 
Test Condition 
min 
type 
ma. 


00-0" 
PAa-PA,. 


CA, 
CA,. PBo-PB,. 
2.2 
- 
Vee 


Input "High" Voltage 
CB,. CB, 
VIH 
2.0 
- 
Vee 
V 


E. A/W. CSo. CS, 
3.0·· 
CSt. ASo. AS,. AES 
- 
Vee 


Input "Low" 
Voltage 
All Inputs 
VIL 
-0.3 
- 
0.8 
-0.3 
- 
0.8 
V 


A/W. A ES. ASo, AS,. 
Input 
Leakage Current 
CSo. CSt. CS,. 
CAt. 
lin 
Vi"::O -Vec 
-2.S 
- 
2.S 
Vi" '" 0 -Vcc 
"""2.S 
- 
2.S 
~A 


C8,. 
E 


Three State (Off State) 
PAo-PA,. 
CA, 
Vin = 0.4- 
Vcc 
-10 
10 
Vi" '" 0.4- 
2.4 V -- 
~A 
Input 
Current 
DO-D,. 
P80-P8,. 
CB, 
ITS I 
- 
-10 
10 


Input "High" Current 
PAo-PA,. 
CA, 
IIH 
-- 
VIH - 2.4V 
"""200 
- 
- 
~A 


Input "Low" 
Current 
PAo-PA,. 
CA, 
IlL 
----- 
VIL-0.4V 
- 
- 
-'2.4 
mA 


00-0, 


IOH" 
-400JiA 
4.1 
- 
- 
IOH'-20S/lA 
IOH <-10~A 
2.4 
- 
- 
Vec -0.1 
- 
- 


PAa-PA,. 
CA2 
IOH '-4oo~A 
4.1 
- 
- 
--------- 
Output "High" 
Voltage 
PSa ...•PB,. 
CB2 
VOH 
IOH <-10~A 
V" 
-1J.l 
- 
- 
V 


PAa-PA,. 
CA1 
---------- 
IOH - -200~A 
2.4'" 
- 
- 


IOH ,- 
10~A 
Vce -1J.l 
- 
- 


PBo - PB,. 
CB, 
IOH ' """2OO~A 
2.4 
- 
- 


00-07. 
IRQA. IROB 
IOL"1.6mA 
- 
- 
0.4 
IOL'I.6mA 
- 
- 
OA 


Output" 
Low" Voltage 
PAo-PA,. 
CA, 
VOL 
IOL - 3.2mA 
0.6 
IOL".6mA 
- 
- 
0.4 
V 
- 
- 
PBo - PB,. 
CB, 
IOL' 
3.2mA 
- 
- 
0.6 


Do - 0, 


~ 


VOH - 2.4V 
--20S 
- 
- 
~A 


Output 
"High" 
OJrre"t 
PAo-PA,. 
CA, 
IOH 
VOH - 2.41/'" 
"""200 
- 
- 
~A 


P80 - PB,. CB, 
VOH ·1.SV 
-1.0 
- 
-10 
mA 


Output 
Leakage Current 
TmlA. iR"Qij 
ILOH 
VOH - Vee 
- 
- 
10 
VOH'Vee 
- 
- 
10 
~A 
(Off Statal 


PAo-PA,. 
PBo-PB, 
Vi"·OV 
- 
- 
12.S 
Vi" - OV 
- 
- 
12.S 


I"put capacitance 
CA" 
CB" 
Do-D, 
Cin 
Ta - 2S'C 
Ta·2S'C 
pF 


AM. J1~. 
ASo. AS, 
CSo. CSt. CS" 
CAt 
f -1.0MHz 
- 
- 
10 
f - 1.0MHz 
- 
- 
10 
CB • E 


Vin' 
OV 
Vin' 
OV 
Output 
capacitance 
i"RQA. iR"Qij 
Cout 
Ta - 2S'C 
- 
- 
10 
Ta - 2S'C 
- 
- 
10 
pF 


f -1.0MHz 
f ·1.0MHz 


oPAo -PA" 
CA,. 
PBo- 
/ 


PB,. 
CB2 Ir. specified 
E·I.0MHz 
- 
- 
300 
as Input. 
_Chip is not selected. 
E·1.SMHz 
- 
- 
400 
~A 


-Input 
level 
.... 
YIHmin-Yrx.-O.SV 
E' 
2.0MHz 
- 
- 
500 
Supply 
Currlnt 
YIL 
m•• 
- O.SV 
Ice 
oPAo-PA,. 
CA, ond 


~ 


PBo-PB,. 
CB, ora 
E·1.0MHz 
- 
- 
4 


specified 
as input. 
E -1.SMHz 
- 
- 
S 
mA 


_Und.r 
Data Bus AtW 
E' 
2.0MHz 
- 
- 
6 
operation. 


Power Dillipation 
PD 
260 
S50 
mW 


Ta' 
2S'C. 1/ee • S.OV 
Characteristics 
will be improved. 
HD6BB21; 
VOH· 
2.2V min 
(PAo-PA,. 
CA,I 
Supply 
current 
Is defined 
on the condition 
that there 
il no current 
flow from output 
terminals. 
Supply 
current 
will be increased 
when the 


current 
from output 
terminal 
exists. 
Also the current 
will be increased 
for charging 
and discharging 
the capacitive 
load. 
Plene 
teke thil 


case into consideration 
in estimating 
system 
power. 


~HITACHI 


Hitachi America 
Ltd. 
• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


Item 
!svmbol 
Test 
Condition 
H06321 
HD63A21 
HD63B21 
HD6B21 
HD6BA21 
HD6BB21 
nit 


min 
max 
min 
max 
m,n 
max 
mon 
max 
m,n 
max 
m,n 
max 


Peripheral 
Data 
Setup 
Time 
'POSU 
Fig. 1 
100 
- 
100 
- 
100 
- 
200 
- 
135 
- 
100 
- 
n. 


Peripheral 
Data 
Hold 
Time 
tpDH 
Fig. 1 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
n. 


Delay 
Time, 
Enable 
negative 


670 
Transition 
to CA2 
negative 
Enable 
~ 
CA2 
Negative 
'CA2 
Fig. 2, Fig. 
3 
- 
200 
- 
200 
- 
200 
- 
1000 
- 
- 
500 
n. 


transition 


Delay 
Time, 
Enable 
negative 
1000 
670 
transition 
to CA2 
positive 
Enable-+CA2 
Positive 
'flSl 
Fig. 2 
- 
200 
- 
200 
- 
200 
- 
- 
- 
500 
n. 


transition 


Rise and 
Fall 
Times 
for 
CAt 
CAl, 
CA, 
'"It 
Fig. 3 
- 
and 
CA2 
input 
signals 
100 
- 
100 
- 
100 
- 
1000 
- 
1000 
- 
1000 
n. 


Delay 
Time 
from 
CA1 
active 
transition 
to CA2 
CA1 ~CA2 
'RS2 
Fig. 3 
- 
300 
- 
300 
- 
300 
- 
2000 
- 
1350 
- 
1000 
n. 


positive 
transition 


Delay 
Time, 
Enable 
negative 
transition 
to Peripheral 
Data 
Enable-+peripheral 
Data 
'POW 
Fig. 4, Fig. 
5 
- 
300 
- 
300 
- 
300 
- 
1000 
- 
670 
- 
500 
n. 
Valid 


Delay 
Time, 
Enable 
negative 
Enable 
~ 
Peripheral 
Vcc-30% 
Vcc ----------- 
transition 
to Peripheral 
Data 
'CMOS 
- 
2000 
- 
1350 
- 
1000 
n. 


CMOS 
Data 
Valid 
PAo-PA" 
CA, 
Fig. 4 


Delay 
Time, 
Enable 
positive 
transition 
to CB2 
negative 
Enable 
-+ CB:z 
'CB2 
Fig. 
6, Fig. 
7 
- 
200 
- 
200 
- 
200 
- 
1000 
- 
670 - 
500 
n. 


position 


Delay 
Time, 
Peripheral 
Data 


Valid 
to CB::z negative 
Peripheral 
Data 
~ 
CB::z 
'DC 
Fig. 5 
20 
- 
20 
- 
20 
- 
20 
- 
20 
- 
20 
- 
n. 


transition 


Delay 
Time, 
Enable 
positive 
transition 
to CB::z positive 
Enable~ 
CB, 
'RSl 
Fig. 6 
- 
200 
- 
200 
- 
200 
- 
1000 
- 
670 
- 
500 
n. 


transition 


Peripheral 
Control 
Output 


Pulse Width, 
CA2/CB2 
CA, 
CB, 
PWCT 
Fig. 
2, Fig. 
6 
550 
- 
375 
- 
250 
- 
550 
- 
550 
- 
500 
- 
n. 


Rise and 
Fall 
Time 
for 
CB I 
CB1, 
CB, 
t"tf 
Fig.7 
- 
100 
- 
100 
- 
100 
- 
1000 
- 
1000 
- 
1000 
n. 
and 
CB2 
input 
signals 


Delay 
Time, 
CSt 
active 
transition 
to CB::z positive 
CBI 
~CB::z 
'RS2 
Fig. 7 
- 
300 
- 
300 
- 
300 
- 
2000 
- 
1350 
- 
1000 
n. 


transition 


"Interrupt 
Release 
Time. 
IROA,IROB 
'IR 
Fig.9 
- 
BOO - 
BOO - 
BOO 
- 
1600 
- 
1100 
- 
B50 
n. 
IROA 
and 
IROB 


Interrupt 
Response 
Time 
IRoA,lRoS 
'RS' 
Fig.8 
- 
400 
- 
400 
- 
400 
- 
1000 
- 
'000 
- 
1000 
n. 


Interrupt 
Input 
Pulse Width 
CA1.CA"CB1,CB::z 
PWI 
Fig. 8 
lE 
- 
lE 
- 
lE 
- 
500" 
- 
500" 
- 
500" 
- 
ns 
cycle 
cycle 
cycle 


Raset 
•. Low" 
Time 
RES· 
'RL 
Fig. 10 
200 
- 
200 
- 
200 
- 
1000 - 
660 
- 
500 
- 
n. 
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H06321 
H063A21 
H063B21 
H06B21 
H06BA21 
HD6BB21 


Item 
Symbol 
Test Condition 
Unit 


min 
mox 
min 
mox 
min 
mox 
min 
mox 
min 
mox 
mi" 
mox 


Enable Cvcle Time 
tfycE 
Fig. 11 
'1000 
666 
- 
500 
- 
1000 
- 
666 
- 
500 
- 
n. 


Enable Pulse Width, "High" 
PWEH 
Fig. 11 
450 
- 
2BO 
- 
220 
- 
450 
- 
280 
- 
220 
- 
n. 


Enable Pulse Width, "Low" 
PWEL 
Fig.ll 
430 
- 
280 
- 
210 
- 
430 
- 
280 
- 
210 
- 
n. 


Enable Pulse Rise and Fall Times 
tEr,tEf 
Fig. 11 
- 
25 
- 
25 
- 
20 
- 
25 
- 
25 
- 
25 
n. 


Setup Time 
I Address, 
A/W~En8ble 
'AS 
Fig. 12 
BO 
- 
60 
- 
60' 
- 
140 
- 
140 
- 
70 
- 
n. 


Address Hold Time 
'AH 
Fig. 12 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
n. 


Data Delay Time 
'OOA 
Fig.12 
- 
290 
- 
180 
- 
150 
- 
320 
- 
220 
- 
lBO 
n. 


Data Hold Time 
'OHA 
Fig. 12 
20 
100 
20 
100 
20 
100 
10 
- 
10 
- 
10 
- 
n. 


H06321 
H063A21 
H063B21 
HD6821 
HD6BA21 
H068B21 


Item 
Symbol 
Test Condition 
Unit 


min 
mox 
min 
mox 
min 
mox 
min 
mox 
min 
mox 
min 
mox 


Enable Cycle Time 
leveE 
Fig.11 
1000 
- 
668 
- 
500 
- 
1000 
- 
666 
- 
500 
- 
n. 


Enable Pulse Width. "High" 
PWEH 
Fig. 11 
450 
- 
280 
- 
220 
- 
450 
- 
2BO 
- 
220 
- 
n. 


Enable Pulse Width, "Low" 
PWEL 
Fig.ll 
430 
- 
280 
- 
210 
- 
430 
- 
280 
- 
210 
- 
n. 


Enable Pulse Rise and Fall Times 
tEr,tEf 
Fig. 11 
- 
25 
- 
25 
- 
20 
- 
25 
- 
25 
- 
25 
n. 


Setup Time 
'AS 
Fig. 13 
80 
- 
60 
- 
60' 
- 
140 
- 
140 
- 
70 
- 
n. 


Address Hold Time I Address, R/W-Enable 
'AH 
Fig. 13 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
n. 


Data Setup Time 
'OSW 
Fig. 13 
165 
- 
BO 
- 
60 
- 
195 
- 
80 
- 
60 
- 
n. 


Data Hold Time 
'OHW 
Fig. 13 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
n. 


~HITACHI 


Hitachi America 
Ltd .• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


tc~ 


If 


VOL 
max·· 


tDC~ 
V CC -2.QV ••• 


C82 loes "Low" 
81 a result of the 
positive transition 
of Enable. 


Figure 5 Peripheral 
Data and CB, 
Delay Times 


(Write 
Mode; 
CRB5=CRB3=1. 
CRB4=0) 


VIH 
min 


VI 
max 
~i 
tRS2' 


~max 
•• 


• Assumes 
part was deselected 
during 


any previous E pulse. 


Figure 7 CB, 
Delay Time 


(Write 
Mode; 
CRB5=1. 
CRB3=CRB4=0) 


Figure 2 CA, 
Delay Time 
(Read Mode; CRA5=CRA3=1. 
CRA4=0) 


Figure 6 CB, 
Delay Time 
(Write 
Mode; CRB5=CRB3=1. 
CRB4=0) 
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Enable 
}-v;Hmtn 
~ 
~RE-S 
--Jl--t 
1R 


Vcc -2.0V··· 
IRQ 
_' 
• The RES line must be a VIH for a minimum of 


1.0 J,lS before addressing the PIA. 


Vcc -2.0V 


OAV 


Figure 12 
Bus Read Timing Characteristics 
(Read Information 
from PIA) 
Figure 13 
Bus Write Timing Characteristics 
(Write Information 
into PIA) 


All diodes are1 5207480r 
equivalent. 


Adjust 
RL so that tOL "" 1.6mA, 
then test VOL 
Adjust RL so that IOL - 3.2mA. then test VOL 


~ 


5'OV 


3kn 


Test Point 
I 


100PF 
O---l 
(PAo-PA" 
CA,) I30pF 
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The PIA interfaces to the H06800 
MPU with an eight·bit 
bi-directional data bus, three chip select lines, two register select 
lines, two interrupt request lines, read/write line, enable line and 
reset 
line. 
These 
signals, in conjunction 
with 
the 
HD6800 


VMA output, 
permit the MPU to have complete 
control over 


the PIA. VMA should be utilized in conjunction 
with an MPU 
address line into a chip select of the PIA. 
• 
Bi-Direc:tional Data (Do-07 I 


Input 
Pin No. 33 - 
26 (DP40) 
Pin No. 43 - 36 (FP-54) 


The bi-directional 
data lines (Do - 07) 
allow the transfer of 
data between the MPU and the PIA. The data bus output drivers 
are three-state 
devices that remain in the high-impedance (off) 
state except when the MPU performs a PIA read operation. The 
R/W line is in the Read ("High") state when the PIA is selected 
for a Read operation. 
• 
Enable (E) 


Pin No. 25 (DP40) 
Pin No. 32 (FP.54) 


The enable pulse, E, is the only timing signal that is supplied 
to the PIA. Timing of all other 
signals is referenced 
to the 
leading 
and 
trailing 
edges of 
the 
E pulse. This signal will 
normally be a derivative of the HMCS6800 System 
q" 
Clock. 
This signa1must be continuous clock pulse. 
• 
ReadlWrite (RIWI 


Pin No. 21 (DP40) 
Pin No. 28 (FP.54) 


This signal is generated by the MPU to control the direction 
of data transfers on the Data Bus. A "Low" 
state on the PIA 


line enables the input buffers and data is transferred from the 
MPU to the PIA on the E signal if the device has been selected. 
A "High" on the Rtw line sets up the PIA for a transfer of data 
to the bus. The PIA output buffers are enabled when the proper 
address and the enable pulse E are present. 
• 
Reset (RES) 


Pin No. 34 (DP40) 
Pin No. 44 (FP-54) 


The active "Low" 
RES line is used to reset all register bits in 
the PIA to a logical zero "Low". 
This line can be used as a 
power-on reset and as a master reset during system operation. 


• 
Chip Select (CSo. CSt and C5,) 


Input 
Pin No. 22, 24, 23 (DP40) 
Pin No. 29, 31, 30 (FP-54) 


These three input signals are used to select the PIA. CSo and 
CS1 must be "High" and CS, must be "Low" 
for selection of 


the device. Data transfers are then performed under the control 
of the E and R/W signals. The chip select lines must be stable 
for the duration of the E pulse. The device is deselected when 
any of the chip selects are in the inactive state. 
• 
Register Select (RSo and RS.! 


Input 
Pin No. 36,35 
(DP40) 


Pin No. 50,45 (FP-54) 


The two register select lines are used to select the various 
registers inside the PIA. These two lines are used in conjunction 
with internal Control Registers to select a particular register that 
is to be written or read. 


The register and chip select lines should be stable for the 
duration of the E pulse while in the read or write cycle. 
• 
Interrupt Request (IRQA and IROB) 


Input 
Pin No. 38, 37 (DP40) 
Pin No. 52, 51 (FP-54) 


The active "Low" 
Interrupt Request lines (IR<M and IRQB) 
act to interrupt 
the MPU either directly 
or through 
interrupt 
priority circuitry. These lines are "open drain" (no load device 
on the chip). This permits all interrupt 
request lines to be tied 
together in a wire-OR configuration. 


Each I~ 
line has two internal interrupt 
flag bits that can 
cause the IRQ line to go "Low". 
Each flag bit is associated with 
a particular peripheral interrupt 
line. Also four interrupt enable 
bits are prOvided in the PIA which may be used to inhibit a 
particular interrupt from a peripheral device. 
Servicing an interrupt by the MPU may be accomplished by a 
software routine 
that, on a prioritized 
basis, sequentially 
reads 


and tests the two control registers in each PIA for interrupt 
flag 
bits that are set. 


The interrupt 
flags are cleared (zeroed) as a result of an MPU 
Read 
Peripheral 
Data 
Operation 
of the 
corresponding 
data 
register. After being cleared, the interrupt 
flag bit cannot be 
enabled to be set until the PIA is deselected during an E pulse. 
The E pulse is used to condition 
the interrupt 
con troT lines 
(CA1, CA" 
CB1, CB,). 
When these lines are used as interrupt 
inputs at least one E pulse must occur from the inactive edge to 
the active edge of the interrupt 
input signal to condition 
the 
edge sense network. If the interrupt 
flag has been enabled and 
the 
edge 
sense circuit 
has been 
properly 
conditioned, 
the 
interrupt 
flag will be set on the next active transition 
of the 
interrupt input pin. 
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• 
PIA 
PERIPHERAL 
INTERFACE 
LINES 


The PIA provides two 8-bit bi·directional data buses and four 


interrupt/control 
lines for interfacing to peripheral devices. 
There is difference between 
HD6821 and HD6321 in Port 


structure. 
Fig. 15 shows the block diagram of Port A and Port 
Bin 
HD6321. The output drivers of Port A and Port B consist 
of three-state drivers, allowing them to enter a High-impedance 
state when the peripheral data line is used as an input. Port A 
and Port B have the same output 
buffer. 
But the circuit con- 


figuration is slightly different and this makes the difference on 
data flow when MPU reads Port A and Port B in the case each 


Port is specified as output. 
As shown in Fig. 15, the output 
of 


the peripheral data A is transferred 
to internal data bus when 


used as output. 
On the other hand, in the case of Port B the 


contents 
of output 
register (ORB) is directly 
transferred 
to 


internal data bus through the multiplexor. 


Secondly 
the equivalent 
circuit 
of the port in HD6821 is 


shown in Fig. 16. 
The output 
circuits of A port is different 


from that of B port. When the port is used as input, the input 
is pullup to Vcc side through load MOS in A port and B port 
becomes "Off' 
(high impedance). 
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Input/Output 
Pin No. 2- 
9 (DP40) 
Pin No. 2- 
5,9- 
12 (FP.54) 


Each of the peripheral data lines can be programmed to act 


as an input or output. 
lbis is accomplished by setting a "I" in 


the corresponding 
Data Direction 
Register bit for those lines 


which are to be outputs. 
A "0" in a bit of the Data Direction 


Register causes the corresponding peripheral data line to act as 
an input. During an MPU Read Peripheral Data Operation, the 
data on peripheral lines programmed 
to act as inputs appears 


directly on the corresponding MPU Data Bus lines. 
The data in Output 
Register A will appear on the peripheral 


data lines that are programmed 
to be outputs. 
A logical "I" 
written into the register will cause a "High" on the correspond- 
ing peripheral data line while a "0" results in a "Low". Data in 
Output 
Register A may be read by an MPU "Read Peripheral 


Data A" operation when the corresponding lines are programm- 
ed as outputs. 


But concerning 
HD6821, this data will be read properly if 


the voltage on the peripheral data lines is greater than 2.0 volts 
for a logic "I" 
output 
and less than 0.8 volt for a logic "0" 


output. 
Loading the output lines such that the voltage on these 


lines does not reach full voltage causes the data transferred into 
the MPU on a Read operation 
to differ from that contained 


in the respective bit of Output Register A. 


Input/Output 
Pin No. 10 - 
17 (DP40) 
Pin No. 13 - 
18,23 - 24 (FP-54 


Each of the Port B peripheral data bus can be programmed 


to act as an input or output like PAn - PA, . 
PBo - 
PB, are in High-impedance condition 
because they 


are three-state outputs just like PAo - PBo when the peripheral 
buses are used as inputs, 
when programmed 
as outputs, 
MPU 


read of Port B make it possible to read the output 
register 


regardless of PBo - 
PB, loads and concerning H0682 I , these 


line may be used as a source of up to 2.5 milliampare (typ.) 
at 1.5 volt to directly drive the base of transistor switch. 


Input 
Pin No. 40, 18 (DP40) 
Pin No. 54,25 (FP·54) 


The peripheral Input lines CA" and CB, are input only lines 


that set the interrupt 
flags of the control registers. The active 


transition 
for these signals is also programmed by the two con- 


trol registers. 


Pin No. 39 (DP40) 
Pin No. 53 (FP·54) 


The peripheral control line CA, can be programmed to act 


as an interrupt input or as a peripheral control output. 


The function 
of this signal is programmed 
by the Control 


Register A. When used as an input, 
this signal is in High-im- 


pedance state. 


Pin No. 19 (DP40) 
Pin No. 26 (FP-54) 


The peripheral Control line CB, may also be programmed to 


act as an interrupt input or peripheral control output. 


lbis line is programmed by Control Register B. 
When used as an input, this signal is in High-impedance. 
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(NOTE) I. Pulse width of interrupt 
inputs CAt , CA. , CB, and 
C~ 
shall be greater than a E cycle time. In the case 
that 
"High" 
time of E signal is not contained 
in 
Interrupt pulse, an interrupt flag may not be set. 


• 
INTERNAL 
CONTROLS 


There are six locations within the PIA accessible to the MPU 
data 
bus: 
two Peripheral 
Registers, two Data Direction 
Re- 


gisters, and two Control Registers. Selection of these locations is 
controlled by the RSo and RS, inputs together with bit 2 in the 
Control Register, as shown in Table I. 


Control 
Register Bit 
RS, 
RS. 
CRA2 
CRB2 
Location Selected 
0 
0 
1 
x 
Peripher.' Register A· 


0 
0 
0 
x 
Dlta Direction Regilter A 
0 
1 
x 
x 
Control Register A 


1 
0 
x 
1 
Peripheral 
Register B· 


1 
0 
x 
0 
0811 Direction Register B 


1 
1 
x 
x 
Control Register B 


)( a Don't Cw. 
• Peripheral interface 
register is a generic term containing 
peripherel 


datil bus and output 
register. 


• 
Initialization 
A "Low" 
reset line has the effect of zeroing all PIA registers. 


This will set PAo-PA, 
, PBo-PB, ,CA. and C~ 
as inputs, and 
all interrupts 
disabled. The PIA must be configured during the 


restart program which follows the reset. 
Details of possible configurations 
of the Data Direction and 
Control Register are as follows. 


• 
Data Direction Registers (DORA and DDRB) 
The two Data Direction Registers allow the MPU to control 
the 
direction 
of data through 
each corresponding 
peripheral 
data line. A Data Direction Register bit set at "0" configures the 
corresponding 
peripheral data line as an input; a "I" 
results in 


an output. 


• 
Control Registers (CRA and CRBI 
The two Control Registers (CRA and CRB) allow the MPU to 


control the operation of the four peripheral control lines CA" 
CA., CB, and CB.. 
In addition they allow the MPU to enable 
the interrupt 
lines and monitor the status of the interrupt 
flags. 
Bits 0 through S of the two registers may be written or read by 
the MPU when the proper chip select and register select signals 
are applied. Bits 6 and 7 of the two registers are read only and 
are modified by external interrupts 
occurring on control lines 


CA" 
CA., 
CB, or CB•. 
The format of the control words is 


shown in Table 2. 


I 7 
6 
5 I 
4 
I 3 
2 
1 
I 
0 


IIRQAl 
IRQA2 
CA, Control 
DORA 
CA. Control 


Ac•••• 


I 7 
6 
5 I 
4 
I 3 
2 
1 
I 
0 


IIRQBl 
IRQB2 
CB. Control 
OORB 
CB, Control 


Acc_ 


Data Direction Ac:ceu Control Bit (CRA2 and CRB2) 


Bit 2 in each 
Control 
register (CRA and CRB) allows 


selection of either a Peripheral Interface 
Register or the Data 


Direction 
Register when the proper register select signals are 


applied to RSo and RS, . 
IntarruPt Fl. (CRA6, CRA7, CRB6, and CRB7) 


The four interrupt 
flag bits are set by active transitions of 


signals on the four Interrupt 
and Peripheral Control lines when 
those lines are programmed to be inputs. These bits cannot be 
set directly from the MPU Data Bus and are reset indirectly by a 
Read Peripheral Data Operation on the appropriate section. 
Control of CA, and CB, InterruPt Lines (CRAO, CRBO. CRA1, 
end CRB1) 
The two lowest order bits of the control registers are used to 


control the interrupt 
input lines CAt and CB, . Bits CRAO and 


CRBO are used to enable the MPU interrupt 
signals IRQA and 


mQij, respectively. Bits CRAI and CRBI determine the active 
transition of the interrupt 
input signals CAt and CB, (Table 31 


Control 
of CA. 
and 
C~ 
Peripher8l Control 
Lines (CRA3, 


CRA4, CRAS, CRB3, CRB4, and CRBSI 
Bits 3, 4 and S of the two control 
registers are used to 


control 
the CA. and CB. Peripheral Control 
lines. These bits 


determine 
if the control lines will be an interrupt 
input or an 


output 
control 
signal. If bit CRAS (CRBS) is "0" CA. (CB.) 


is an interrupt 
input line similar to CAI (CBn ITable 4), When 


CRAS (CRBS) is "I", 
CA. 
(CB.) 
becomes an output 
signal 
that may be used to control peripheral data transfers. When in 
the 
output 
mode, 
CA. 
and 
CB. 
have 
slightly 
different 
characteristics (Table Sand 6). 
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CRA' 
CRAO 
Interrupt Input 
Interrupt Flag 
MPU Interrupt 
Request 
(CRB') 
(CRBO) 
CA, (CB,) 
CRA7 (CRB7) 
IROA (Tille) 


0 
0 
~ Active 
Set "," 
on ~ of CA, 
Disabled 
TFU:l remains 
(CB,) 
"High" 


0 
, 
~ Active 
Set "," 
on ~ of CA, 
Goes "Low" when the inter- 


(CB,) 
rUpt flag bit CRA7 (CRB7) 
goes "1" 
, 
0 
t Active 
Set "'" 
on t of CA. 
Disabled - IRQ remains 
(CB,) 
"High" 
, 
, 
t Active 
Set "," 
on t of CA, 
Goes "Low" when the inter- 


(CB,) 


I 


rupt flag bit CRA7 (CRB7) 
goes 
"," 


(Notes) 
1. t indicates positive transition ("Low" 
to "High") 
2. 
J. indicates negative transition 
{"High" 
to "Low'" 


3. 
The Interrupt 
flag bit eRA 7 is cleared by an MPU Read of the A Peripheral Register 
.nd 
CRB7 
is cleared by an MPU Read of the B Peripheral Register. 


4. 
If CAA0lCB..80} 
i, "0" when In interrupt occurs (Interrupt 
disabledl and is later brought "1". 


~ 
(lAOB) occurs liter CAAO 
(CABO) is written to I "'''. 


CRAS 
CRA4 
CRA3 
Interrupt Input 
Interrupt Flag 
MPU Interrupt 
(CRBS) 
(CRB4) 
(CRB3) 
CA, 
(CB,) 
CRA6 (CRB6) 
~quest 
IRQA (IRQB) 
0 
0 
0 
~ Active 
Set "," 
on ~ of CA, 
Disabled - IRQ remains 
(CB,) 
"High" 
0 
0 
, 
~ Active 
Set "," 
on ~ of CA, 
Goes "Low" when the inter- 
(CB,) 
rupt flag bit CRA6 (CRB6) 
goes "," 


0 
, 
0 
t Active 
Set "," 
on t of CA, 
Disabled - IRQ remains 
(CB, ) 
"High" 
0 
, 
, 
t Active 
Set "," 
on t of CA, 
Goes "Low" when the inter- 


(CB,) 
rupt flag bit CRA6 (CRB6) 
goes "," 


INotl.1 
1. t indiClites positive transition ("low" to "High") 
2. 
l indicatesn.tive 
trln,ition ("High" to "Low") 
3. 
The interrupt 
flag bit CAA6 
is cleared 
by .n MPU ReId 
of the A Peripheral 
Register 
and CRB6 
is 
ete•. eeI by an MPU Read of the B Peripheral Register. 
4. 
If CR~F!.!llis 
"0" 
when an interrupt 
occurs (Interrupt 
disabled) and is later brought 


"''', 
IAQA 
OAQBI 
occurs liter 
CAA3 
ICAB3) 
is wrinen to I "'''. 


CB, 


CRBS 
CRB4 
CRB3 
Cleared 
Set 
, 
0 
0 
"Low" on the positive transition of 
"High" when the interrupt flag bit 


the first E pulse after MPU 
CRB7 is set by an active transition 


Write "B" Data Register operation. 
of the CB, signal. (See Figure '6) 
, 
0 
, 
"Low" on the positive transition of 
"High" on the positive edge of the 


the first E pulse after an MPU Write 
first "E" 
pulse following an "E" 


"B" Data Register operation. 
pulse which occurred while the 
part was deselected. (See Figure '6) 
, 
, 
0 
"Low" 
(The content of CRB3 is output on CB,) 
, 
, 
1 
"High" 
(The content of CRB3 is output on CB2) 
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CA2 
CRA5 
CRA4 
CRA3 
Cleared 
Set 


1 
0 
0 
"Low" on negative transition of E 
"High" when the interrupt flag bit 


after an MPU Read" A" Data Opera- 
CRA7 is set by an active transition 


tion. 
of the CA. signal. (See Figure 16) 


1 
0 
1 
"Low" on negative transition of E 
"High" on the negative edge of the 


after an MPU Read" A" Data opera- 
first "E" 
pulse which occurs during 


tic:>n. 
a deselect. (See Figure 16) 


1 
1 
0 
"Low" 


(The content of CRA3 is output on CA2) 


1 
1 
1 
"High" 
(The content of CRA3 is output on CA2 ) 


• 
Initialization 
When the external reset input RES goes "Low". 
all internal 
registen 
life cleued 
to "0". 
Periperal 
d8ta port 
(pAo-P A7. 
PBo-PB7) 
is dermed to be input and control lines (CA, •CA2• 
CB, and CB2) are dermed to be the interrupt input lines. PIA is 
Uso initialized by softwllfe sequence as follows. 


• 
Program the data direction register access bit of the control 
register to "0" to allow to access the dada direction register. 


Store the contents of ACe into the 


data direction 
register 


• 
The data of the control line function is set into the accumu- 
lator. of which Data Direction 
Register Access Bit shall be 


programmed to "t". 


• 
Transfer 
the control 
data 
from the accumulator 
into 
the 


control register. 


• 
RudlWrite 
Operetion 
Not Using Control lines 


<Reed Operation> 


CLR 


CLR 


LDAA 


STAA 


CRA 
• 
Clear the DORA access bit of the control register to "0"_ 


DORA 
• 
Clear all bits of the dada direction register. 


#$04 
• 
Set DORA access bit of the control register to "I" 
to allow 


CRA 
to access the peripheral interface register. 
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CLR 
LDAA 
STAA 


CRA 
• 
Set DDRB access bit of the control register to "0". 


_SF F }. 
Set all bits of the data direction register to "FF". 
DDRB 


LDAA 
_$O4}. 
Set DDRB access bit of the control register to "I" 
to allow to 


STAA 
I 
CRB 
access the peripheral interface register. 


LDAA 


STAA 
DATA} • Write the data into the peripheral interface register. 
PIRB 


• 
ReedlWrlta Operating Using Control Lines 
Read/write 
request 
from peripherals 
shall be put into the 
control 
tine. 
u 
an interrupt 
1igna1. and then 
MPU reada or 
write. after detectlng Interrupt requelt. 


<Reed> 
The foBowin&cue II that Port A is UJed and that the rising 
edge of CA. Indicate. the requelt for read from peripherals. 


CLR 
CRA 
• 
Set the DDRA access bit to "0". 
CLR 
DORA. 
Set all bits of the data direction regllter to "0". 


LDAA ••toe 
• 
Program the rising edp of CA. to be active. IRQA II muked 


STAA 
CRA 
and DDRA acce•• bit II let to 1. 


LOOP 
LDAA CRA } 
BPL LOOP 
• Check whether the read request comes from peripherals 


or not. 


• 
Load the data from the peripheral Interface register Into the 
accumulator. CRA flag is reset after this read operation. 


To read the peripheral data, the data is directly tranafered to 
the data buse. Do-D, 
through 
'Ao-'A, 
or PBo-PB, 
and 
they are not latched In the PIA. If neceuary. 
the data should be 
held In the external latch until 
MPU completes reading it. 
When 
initializing 
the 
control 
register. 
interrupt 
flag bit 
(CRA7. CRA6. CRB7. CRB6) cannot be written from MPU. If 
neceaaary the Interrupt 
fill 
must be reset by dummy read of 
hrlphera1 
Register A and B. 


<Wm.> 
Write operation 
uaIna the Interrupt 
aIpal 
II u 
fol1owa. In 
this cate. B port II UJed and interrupt 
request is input to CB, . 
And the om fIaa II tet at the rising edp 
of CB•. 
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CLR 
LDAA 
STAA 


LDAA 
STAA 


LOOP 
LDAA 


BPI- 


Interrupt 
request flag bits (CRA 7, CRA6, CRB7 and CRB6) 
cannot 
be written 
and they 
cannot 
be also reset by write 
operation to the peripheral interface register. So dummy read of 
peripheral interface register is needed to reset the flags. 
To accept the next interrupt, it is essential to reset indirectly 
the 
interrupt 
flag by 
dummy 
read of peripheral 
interface 
register. 
Software poling method 
mentioned 
above requires MPU to· 


contlnuoualy 
monitor 
the control register to detect the read/ 
write request from peripherals. So other programs cannot run at 
the same time. To avoid this problem. hardware interrupt may 
be used. The MPU is interrupted 
by IRQA or IRQB when the 
read/Write request is occurred from peripherals and then 
MPU 
analyzes cause of the interrupt 
request during interrupt 
pro- 


cessing. 
• 
Handahllk. Mod. 
The functions of CRA and CRB are similar but not identical 


in the hand-shake 
modes. Port A is used for read hand-shake 
operation and Port B is used for write hand-shake mode. 
CA1 and CBI are used for interrupt 
input requests and CA2 
and CB2 are control outputs (answer) in hand-shake mode. 


Fig. 17, Fig. 18 and Fig. 19 show the timing of hand-shake 
mode. 
< RMd Hand-shak. Mod.> 
CRA5=" I", CRA4="O" and CRA3="0" 
Q) A peripheral device puts the 8-bit data on the peripheral 
data lines after the control output CA2 goes "Low". 


Q) 
!he 
peripheral requests MPU to read the data by using CA. 


mput. 


CRB 


#$FF 


DDRB 


• 
Set DDRB access bit to "0" 


} • 
Set all bits of DDRB to output" 
I". 


l · Program 
the rising edge of CB. to be active. IRQB is masked 
and DDRB access bit is set to "I". 


#$06 


CRB 


CRB 


LOOP 
• Check whether the write request comes from peripherals 
or not. 


• 
Reset 
the CRB7 flag by the dummy 
read of the 


peripheral interface register. 


• 
Store the data of the accumulator B to the peripheral 
interface register. 


Q) 
CRA7 flag is set and CA2 becomes 
"High" 
(CA2 auto- 


matically 
becomes 
"High" 
by the interrupt 
CA.). 
This 
indicates the peripheral to maintain the current 
data and 
not to tranafer the next data. 
@ MPU accepts the read request by IRQA hardware interrupt 
or CRA read. Then MPU reads the peripheral register A. 


~ 
CA2 goes "Low" 
on the following edge of read Enable 
pulse. This informs that the peripheral can set the next data 
to port A. 


<Writ. Hand-shak.> 
CRB5 = "I", CRB4 = "0" and CRB3 = "0" 
Q) 
A peripheral device requests MPU to write the data by uaIng 
CBI input. CB2 output 
remains "High" until MPU write 
data to the peripheral interface register. 
Q) 
CRB7 flag is set and MPU accepts the write request. 


Q) 
MPU reads the peripheral interface register to reset CRB7 
(dummy read). 


@ Then MPU write data to the peripheral interface register. 


The data is output to port B through the output register. 


~ 
CB2 automatically 
becomes "Low" 
to tell the peripheral 
that new data is on port B. 
® The peripheral read the data on Port B peripheral data lines 
and set CB. to "Low" 
to tell MPU that the data on the 
peripheral data lines has been taken and that next data can 
be written to the peripheral interface register. 


<Pulse mod.> 
CRA5 = "I". 
CRA4 = "0" and CRA3 = "I" 


CRB5 = "I", 
CRB4 = "0" and CRB3 = "I" 
This mode is shown in Figure 17, Figure 20 and Figure 21. 
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:~ 
- - 
r----, 
I 
CS·AS. ·AS. 
J 
I 
I 


-I 
---- 
••1--------- 
~-~ 
I 


j 


PA.-PA, 


1; 
CA, 
@ 


< 
~ 
CD 


CAA7 


CA, 
0 


0 
0 


CABS 
CAB4 
CAB3 


E 


AtW 


PBo ..•.•PB, data is old. 


Busy 
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G_ 
"HiGh" on 
Goes "Low" when dlt8 on 
IT_tlon 
of CA, 
"A" side hes been read by 


lIRQAl Flogbll.tI 
MPUefter fellingedge 


CA, 


~ 
(•••t------~I~ 
of eneble signel 
J 
L...- (LOAA PIRA) 
JLJ'u-ls-L 


Handshaking 
with 
peripheral 
on 'A' 
side 


Dote 


Peripheral Says: 
Here', new dati 
(Sots 
CRA71 


Goes "LowU 
on first 
positi\leedge 01eneble 
.ignel efter the MPU 
,tor •• dltl to the "S"' 
f' (STA A PIRBI 


=Tl Il 
Il 
Il 
IE),"1 
L-...J 
~r..J 
L-...J 
L- 


Handshaking 
with 
peripheral 
on 'B' side 


Oet8 


7 
I • I ·1 
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Goos "Low" Itter I "Reod I lido 
dete" Instruction ILoA) 
(Negative transition 
of E) 


Goes "H igh" on 
=.",.,::: 
MXI E pulle 
Ift« • 
"Reid I 
,ide detl" 
Instruction 
(LOA) 


Pulse mode 


Pulse output 
on 'A' side 


Data 


CA, 


1 
CRA 
o~ 
I. I 0 I' I 0 I ' I ' ,. I., 


Pulse inlt,ltod II I •••••It / 
ootl "Rlod" by MPU 
of reMting 'A' lide 
ILoA A PIRA) 


Figure 20 


CB, Normolly 


"High" 


Bits 5, 4, 3 of eRA = 101 (Pulse Model 


Goes "High" 
on the 
next POI itive E 
pulse after A 
"write B 
side dats" 
instruction 
ISTA) 


Goel "Low" 
on the pOSitive 
transition 
of the first 
E pulse .fter I "write 9 
,ide dats" 
instruction 
ISTA) 


Eneble 
qnol 
lEI 1 
_ 
_r' 


Pulse mode 
Pulse output 
on 'B' side 
Oat. 
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• 
SUMMARY OF CONTROL REGISTERS CRA AND CRB 
Control 
registers CRA and CRB have total control of CAt , 
CA., CB" 
and CB. lines. The status of eight bits of the control 


registers may be read into the MPU. However, the MPU can only 
write into Bit 0 through Bit 5 (6 bits), since Bit 6 and Bit 7 are 
set only by CAt , CA. , CB, , or CB•. 


• 
Addressing PIAs 
Before addressing PIAs, the data direction (DDR) must first 
be loaded with the bit pattern that defines how each line is to 
function, i.e., as an input or an output. A logic "I" 
in the data 


direction 
register defines the corresponding 
line as an output 


while a logic "0" 
defines the corresponding 
line as an input. 


Since the DDR and the peripheral interface resister have the same 
address, the control 
register bit 2 determines which register is 


being addressed. If Bit 2 in the control register is a logic "0", 
then the DDR is addressed. If Bit 2 in the control register is a 
logic "I", 
the peripheral 
interface register is addressed. There· 


fore, it is essential that the DDR be loaded first before setting 
Bit 2 of the control register. 


<Example> 
Given a PIA with an address of 4004,4005,4006, 
and 4007. 


4004 is the address of the A side peripheral interface register. 
4005 is the address of the A side control register. 4006 is the 
address of the B side peripheral interface register. 4007 is the 
address of the B side control register. On the A side, Bits 0, I, 2, 
and 3 will be defined as inputs, while Bits 4, 5, 6, and 7 will be 
used as outputs. On the B side, all lines will be used as outputs. 


PIA IAD = 4004 
PIAIAC = 4005 
PIAIBD = 4006 
PIA IBe = 4007 


(DORA, PIRA) 
(CRA) 
(DDRB, PIRB) 
(CRB) 


LOA A #%1111סס oo 
STA A 
PIAIAD 


LOA A #% 11111111 
STAA 
PIAIBD 


LOA A #0/o00000100 
STAA 
PIAIAC 


STAA 
PIAIBC 


(4 outputs, 4 inputs) 
(Loads A DDR) 
(All outputs) 
(Loads BOOR) 
(Sets Bit 2) 
(Bit 2 set in A control register) 
(Bit 2 set in B control register) 


Statement 
2 addresses the DDR, since the control 
register 


(Bit 2) has not been loaded. Statements 6 and 7 load the control 
registers with 
Bit 2 set, so addressing PIA lAD or PIA IBD 


accesses the peripheral interface register. 


The program shown in the previous section can be accom· 


plished using the Index Register. 


LOX 
STX 
LOX 
STX 


#SFOO4 
PIAIAD 
#SFF04 
PIAIBD 


Using the index register in this example has saved six bytes of 


program memory 
as compared 
to the program shown in the 


previous section. 


When all the outputs of given PIA port are to be active "Low" 
(True ~ 0.4 volts), the following procedure should be used. 


a) 
Set Bit 2 in the control register. 


b) 
Store all Is ($FF) in the peripheral interface register. 


c) 
Clear Bit 2 in'the control register . 


d) 
Store all Is ($FF) in the data direction register. 


e) 
Store control word (Bit 2 = I) in control register. 


<Example> 
The B side of PIA I is set up to have all active low outputs. 


CB, and CB. are set up to allow interrupts 
in the HAND· 


SHAKE 
MODE 
and 
CB, 
will 
respond 
to 
positive 
edges 


("Low"·to·"High" 
transitions). 
Assume reset 
conditions. 
Ad- 


aresses are set up and equated 
to the same labels as previous 
example. 


LOAA#4 
STA APIAIBC 
LOA B#SFF 
STA BPIAIBD 
CLRPIAIBe 
STA BPIAIBD 
LOA A#S27 
STA APIAIBC 


All Is in peripheral interface register 
Clear Bit 2 
All Is in data direction register 


The above procedure 
is required in order to avoid outputs 
going "Low", 
to the active "Low" TRUE STATE, when allis 
are stored to the data direction register as would be the case if 
the normal configuration procedure were followed. 


• 
Interchanging RSo And RS, 
Some system applications may require movement of 16 bits 


of data to or from the "outside 
world" via two PIA ports (A 
side + B side). When this is the case it is an advantage 
to 


interconnect 
RS, and RSo as follows. 


RSo to AI (Address Line AI) 
RS, to AO(Address Line AO) 


This will place the peripheral interface registers and control 
registers side by side in the memory map as follows. 


PIAIAD 
PIAIBD 
PIAIAC 
PIAIBC 


$4004 
$4005 
$4006 
$4007 


(DORA, PIRA) 
(DDRB, PIRll) 
(CRA) 
(CRB) 


The index register or stackpointer 
may be used to move the 


16-bit data 
in two 8-bit bytes with one instruction. 
As an 


example: 


LOX PIAIAD 
PIAIAD--IXff:PIAIBD-- 
[XL 


• 
PIA - 
After Reset 
When the RES (Reset 
Line) has been held "Low" 
for a 


minimum of one microsecond, 
all registers in the PIA will be 
cleared. 


Because of the reset conditions, 
the PIA has been defined as 
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follows. 
1. All I/O lines to the "outside 
world" 
have been defined as 
inputs. 
2. CA., CA" CB., 
and CB, 
have been defmed as interrupt 


input lines that are negative edge sensitive. 
3. All the interrupts 
on the control lines are masked. Setting of 


interrupt 
flag bits will not cause TRQ;\ or ~ 
to RO "Low". 


• 
SUMMARY 
OF CA,-CB. 
PROGRAMMING 


Bits I and 0 of the respective control 
registers are used to 
program the interrupt input control lines CA, and CB1 • 


b1 = Edge (0 = -, 1 = +) 
bO = Mask (0 = Mask, 1 = Allow) 


Note that this is the same logic as Bits 4 and 3 for CA, -CB, 
when CA, -CB, are progranuned as inputs. 


I/O As Follow: 
Control 
Lines: 


CA. 
- 
Positive Edge. Allow 
Interrupt 
CA, - Pulse Mode 
CB, - Negative Edge, MIlk Interrupt 
CB, - HInd Shlke Mode 


Auume RII.t Condition 


PIAIAD 
PIAIAC 
PIA1BD 
PIA1BC 


PIA ConfiAurttioo 
Solytio" 


LDAA*$BC 
10111100 
STA A PIAIAD 
I/O to DORA 
LOA A *$FF 
1111 1111 
STA A PIA1BD 
I/O to DDRB 


LOA A *$2F 
00101111 
STA A PIAIAC 
To "A" Control 
LOA A *124 
00100100 
STA A PIA1BC 
To "B" Control 


~ 


"A" 


------------- 


·· 
"B" 
····· 


• 
SUMMARY 
OF 
CA,-CB, 
PROGRAMMING 


Bits 5, 4, and 3 of the control registers are used to program 


the operation of CA, -CB,. 


b5 
b4 


CA, -CB, rn 0(-) 
Input 
..• 
0 
0(-) 


Mode 
0 
1(+) 
o 
1(+) 


CA,-CB, D 
0 
Output... 
1 
0 
Mode 
1 
1 
1 
1 


b3 
o 
(Mask) 
CA, -CB, 
Input Mode 


1 
(Allow) b4 = Edge (0 = -, 1 = +) 


o 
(Mask) 
b3 = Mask (0 = Mask, 


1 
(Allow) 
1 = Allow) 


o - Handshake Mode 
1 - Pulse Mode 
~Ib3 Following Mode 
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• 
NOTE 
FOR 
USE 


Compatibility 
with NMOS PIA (HD6821) 


Port A 
Output 
Buffer 


Port B 
Output 
Buffer 


DDRA~ 


ORA 


t 
Read 
signal 


Measure for Input floating 


DDR~ 


ORB 
! 
Measure for Input floating 


DDRB~ 


ORB~ 
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HD6340/HD6840 
PTM (Programmable Timer Module) 


The HD6340/HD6840 
(PTM) is a programmable subsystem 
component 
of 
the 
HMCS6800 
family 
designed to provide 
variable system time intervals. 
The PTM has three 16-bit binary counters, three correspond- 


ing control 
registers and a status register. These counters are 
under software control and may be used to cause system inter- 
rupts and/or generate output 
signals. The PTM may be utilized 
for such tasks as frequency 
measurements, 
event 
counting, 
interval measuring and similar tasks. The device may be used for 
square 
wave generation, 
gated delay signals, single pulses of 
controlled 
duration, 
and pulse width modulation 
as well as 
system interrupts. 


• 
FEATURES 
• 
Operates from a Single 5 volts Power Supply 
• 
Single System Clock Required (E) 
• 
Selectable Prescaler on Timer 3 Capable of 4 MHz for the 
HD6340/HD6840, 
6 MHz for the HD63A40/HD68A40 
and 


8 MHz for the HD63840/HD68840. 


• 
Programmable Interrupts (lRO) Output to MPU 
• 
Readable Down Counter Indicates Counts to Go until Time· 
out 
• 
Selectable Gating for Frequency or Pulse·Width Comparison 


• 
Three Asynchronous External Clock and GatefTrigger 
Input Internally Synchronized 
• 
Three Maskable Outputs 


-HD6340- 
• 
Wide Range Operating Voltage (Vcc = 5V ±10%) 
• 
Low-Power, High·Speed, High-Density CMOS 
• 
Compatible with NMOS PTM (HD6840) 


-HD6840- 
• 
Compatible with MC6840, MC68A40 and MC68840 


Type 
Process 
Clock ·Frequency 
Package 


HD6340 
1.0MHz 


HD63A40 
CMOS 
1.5 MHz 
Dp·28 


HD63840 
2.0 MHz 


HD6840 
1.0MHz 


HD68A40 
NMOS 
1.5MHz 
DP·28 


HD68840 
2.0 MHz 


The specifications 
of the HD6340 are for preliminary and 


may change hereafter. 


Please make an inquire at sales office upon adoption of the 


HD6340. 


28 


Do 


D. 
0, 


0, 


D. 
0, 


D. 


0, 


E 


15 


Vss 
1 


G, 


0, 
C. 


G, 


0, 
c; 


RES 


IRQ 


RSo 
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Item 
Symbol 
Value 
Unit 
HD6340 
HD6840 


Supply Voltage 
Vcc" 
-0.3-+7.0 
-0.3-+7.0 
V 


Input Voltage 
Vin· 
-0.3-+7.0 
-0.3-+7.0 
V 


Maximum 
Output 
Current 
110I"" 
10 ----- 
mA 


Operating Temperature 
Topr 
- 20-+75 
- 20-+75 
·C 


Storage Temperature 
Tstg 
- 
55-+150 
- 
55-+150 
·C 


" 
Wit~ respect to Vss (SYSTEM 
GNO) 
*. Maximum 
output 
current 
is the maximum 
currents which 
can flow out from one output 


terminal 
or 'La common 
terminal. 
(Do - 
0,.°1 
- 
OJ. 
IRQ) 


(NOTE) 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. 
Normal 
operation 
should be under recommended 
operating 
conditions. 
If these 
conditions 
are exceeded, it could affect 
reliability 
of LSI. 


Item 
Symbol 
HD6340 
HD6840 
Unit 
min 
typ 
max 
min 
-typ 
max 


Supply Voltage 
Vcc " 
4.5 
5.0 
5.5 
4.75 
5.0 
5.25 
V 


Input "Low 
Voltage 
VIL " 
0 
- 
0.8 
-0.3 
- 
0.8 
V 


Input "High,,1 E, RIW 
" 
2.6- 
- 
Vcc 


Voltage 
I Other Inputs 
VIH 
2.2 
- 
Vcc 
V 
2.2 
- 
Vcc 


Operating Temperature 
Topr 
-20 
25 
75 
-20 
25 
75 
·C 


• 
With respect to Vss (SYSTEM 
GNO) 


•• 
Characteristics 
to be improved. 
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• 
ELECTRICAL 
CHARACTERISTICS 
• 
DC CHARACTERISTICS 
(HD6340; 
Vcc = 5V ±10%, HD6840; Vcc = 5V ±5%, Vss = OV, 1e = -2D-+75°C, 
unless otherwise noted.) 


Item 
Symbol 
HD6340 
HD6840 


Unit 
Test Condition 
min 
Wp· 
mox 
Test Condition 
min 
tYpo 
mox 


Input "High" Voltage 
~ 
2.6·· 
- 
Vee 


Other 
V,H 
- 
2.2 
- 
Vee 
V 


Inputs 
2.2 
- 
Vee 


Input "Low" 
Voltage 
V,L 
-0.3 
- 
0.8 
-0.3 
- 
0.8 
V 


Input Leakage Current 
lin 
Vin'" 
0 ..•..Vec (Except 00 .•..07) 
-2.5 
- 
2.5 
Vin=O-Vcc (Except 00-0,1 
-2.5 
- 
2.5 
~A 


Three-State Input 
'TS I 
Vin - 0.4"" 
Vec. 
-10 
10 
Vin = 0.4-2.4V 
Current 
(Off-state) 
Vee - 5.5V (Do-D7) 
- 
Vee = 5.25V (D o-D 
7) 
-10 
- 
10 
~A 


'LDAD 
- -4OO~A (Do-D7) 
4.1 
- 
- 


ILDAD S lO~A (Do-D71 
Vcc -0.1 
ILOAD 
= -205j.lA 
(D. -D,) 
- 
- 
Output "High" 
Voltage 
VDH 
2.4 
- 
- 
V 


I LDAD - -400~A 
IDther Outputs) 
4.1 
- 
- 


ILOAD';: 
1O~A (Other Outputsl 
Vec-a.l 
- 
- 
ILOAD 
= -200j.lA 
(g~~~~ts) 


Output "Low" 
Voltage 
VOL 
ILOAD = 1.6mA IDo-D71 
'LOAD - 1.6mA IDo- 
D71 
- 
- 
0.4 
- 
- 
0.4 
V 


'LOAD-3.2mA 
101-0,. IRQ) 
ILOAD = 3.2mA, 
(0, -0,. 
iRQ) 
Output L~akageGurrent 
ILOH 
VOH - Vce IIRQ) 
- 
- 
10 
VOH - 2.4V (IRQ) 
(Off·stotel 
- 
- 
10 
j.lA 


• Chip is not selected. 
E-1.0MHz 
• All coo nter latches 
- 
- 
1.0 
are preset. 


• 0t-03 
outputs are 
E = 1.5 MHz 
- 
- 
1.5 
masked. 


• Input 
level 
(Except 
E) 
{VIH min=Vcc-O.8V 
E - 2.0 MHz 
- 
- 
2.Q 


VIL 
max - O.8V 


• Chip is not selected 
SupplV 
Current 
Ice 
• Counters 
are operating. 
E = 1.0 MHz 
- 
- 
3.0 
mA 


• 01-03 
operating 
with load. 
E -1.5 
MHz 
• Input level (Except El 
- 
- 
4.0 


{VIH 
min "" Vcc-O.8 
VIL max'" O.8V 
E - 2.0 MHz 
- 
- 
6.0 


• Data bus in R!W 
E -1.0 
MHz 
- 
5.0 
operation. 
- 


• Counters are operating. 
E - 1.5 MHz 
- 
- 
8.0 
· °1..... 
030perating 
E = 2,0 MHz 
- 
- 
10.0 
with load. 


Power Dissipation 
PD 
330 
550 
mW 


Vin - OV. 
Do - 
0, 
- 
- 
12.5 
Vin: 
av. 
00- 
07 
- 
- 
12.5 
Input Capacitance 
Cin 
To' 
25°C 
Ta: 
25°C 
pF 


f= 1 MHz 
Other Input 
7.5 
f = 1.0 MHz 
Other Input 
7.5 


Output Capacitance 
Cout 
Vin '" OV. 
IRQ 
- 
- 
5.0 
Vin = OV 
IRQ 
- 
- 
5.0 


Ta = 25°C, 
Ta=2SoC 
pF 


f = 1 MHz 
0,.0,.0, 
- 
- 
10.0 
f - 1.0 MHz °1, °2, 03 
- 
- 
10.0 
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• 
AC CHARACTERISTICS 
(HD6340; Vcc = 5V ±10%. HD6840; 5V ±5%, Vss = OV, Ta = -20-+75°C, 
unless otherwise noted.) 


1. MPU READ 
TIMING 


Ten 
H06340 
H063A4O 
H063B4O 
H06B40 
HD6BA4O 
H06BB4O 


Item 
Symbol 
Condition 
Unit 


min 
max 
min 
max 
min 
max 
min 
max 
min 
max 
min 
max 


Enable 
Cycle Time 
teyeE 
1000 
1סס oo 
666 
1סס oo 
500 
1סס oo 
1000 
1סס oo 
666 
1סס oo 
500 
1סס oo 
n. 


Enable "High" 
PulseWidth 
PWEH 
450 
9500 
280 
9500 
220 
9500 
450 
4500 
280 
4500 
220 
4500 
n. 


Enable "Low" 
PulseWidth 
PWEL 
430 
9500 
280 
9500 
210 
9500 
430 
- 
2BO 
- 
210 
- 
n. 


Enable 
Rise and 
Fall Time 
'Er' 
'EI 
- 
25 
- 
25 
- 
20 
- 
25 
- 
25 
- 
25 
n. 


Address 
Set-up 
Time 
'AS 
Fig. 1 
80 
- 
60 
- 
40 
- 
140 
- 
140 
- 
70 
- 
n. 


Data Delay Time 
'OOR 
- 
290 
- 
180 
- 
150 
- 
320 
- 
220 
- 
180 
n. 


Data Hold Time 
'HR 
20 
100 
20 
100 
20 
100 
10 
- 
10 
- 
10 
- 
n. 


Address Hold Time 
'AH 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
n. 


Data Access 
Time 
'ACC 
- 
370 
- 
240 
- 
190 
- 
4BO 
- 
360 
- 
250 
n. 


Test 
H06340 
H063A4O 
H063B4O 
H06B4O 
HD68A40 
HD68B4O 


Item 
Symbol 
Condition 
min 
Unit 


min 
max 
min 
ma. 
min 
max 
min 
max 
min 
max 
max 


Enable Cycle Time 
teyeE 
1000 
10000 
666 
10000 
500 
1סס oo 
1000 
1סס oo 
666 
1סס oo 
500 
1סס oo 
n$ 


Enable "High" 
PulseWidth 
PWEH 
450 
9500 
280 
9500 
220 
9500 
450 
4500 
2BO 
4500 
220 
4500 
n$ 


Enable" Low" PulseWidth 
PWEL 
430 
9500 
280 
9500 
210 
9500 
430 
- 
280 
- 
210 
- 
n$ 


Enable Rise and Fall Time 
tEr. tEf 
- 
25 
- 
25 
- 
20 
- 
25 
- 
25 
- 
25 
n$ 


Fig. 2 


Address Set-up Time 
'AS 
80 
- 
80 
- 
40 
- 
140 
- 
140 
- 
140 
- 
n$ 


Data Set-up 
Time 
'OSW 
165 
- 
80 
- 
60 
- 
195 
- 
BO 
- 
60 
- 
n. 


Data Hold Time 
'HW 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
n$ 


Address Hold Time 
'AH 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
n$ 


Item 
Symbol 
Test Conditio 
HD6340 
HD63A4O 
HD63B4O 
HD6B4O 
HD68A4O 
HD68B4O 
Unit 
min 
max 
min 
max 
min 
max 
min 
max 
min 
max 
min 
max 


Input 
Rise and 
Fall r.~,MS 
tf,tf 
Fig. 3, Fig. 4 
- 
1000' 
- 
666' 
- 
500' 
- 
1000' 
- 
666' 
- 
500' 
n. 
Time 


Input "Low" 
Pulse c.G, RES 
Fig. 3 
tcycE 
tcycE 
tcycE 
'eyeE 
tcycE 
tcycE 


Width 
PWL 
Asynchronous 
+tSU 
- 
+'SU 
- 
+tsu 
- 
+'SU 
- 
+tsU 
- 
+tsu 
- 
n$ 


Mode 
+tHD 
+tHD 
+tHD 
+tHO 
+tHO 
+tHO 


Input "High" 
c.G 
Fig.4 
'eyeE 
tcycE 
'eyeE 
tcycE 
'eyeE 
tcycE 


PulseWidth 
PWH 
Asynchronous 
+'SU 
- 
+tsu 
- 
+tsu 
- 
+tsu 
- 
+tSU 
- 
+'SU 
- 
n$ 


Mode 
+tHD 
+tHD 
+tHD 
+tHD 
+tHD, 
+tHD 


C, G, RES 
Fig.5 
200 
- 
120 
- 
75 
- 
200 
- 
120 
- 
',5 
- 
n$ 
Input Setup Time 
CC••. B Pre· 
'SU 
Synchronous 


scaler Model 
Mode 
200 
- 
170 
- 
170 
- 
200 
- 
'70 
- 
170 
- 
n$ 


c.G, RES 
Fig. 5 
50 
- 
50 
- 
50 
- 
50 
- 
50 
- 
50 
- 
n$ 
Input Hold Time 
C3 1-+-8Pre- 'HO 
Synchronous 
scaler Mode) 
Mode 
50 
- 
50 
- 
50 
- 
50 
- 
50 
- 
50 
- 
n$ 


Input PulseWidth 
C, 1-,- B Pre· ~L 
Asynchronous 


scaler Mode) 
H 
Mode 
120 
- 
BO 
- 
60 
- 
125 
- 
84 
- 
62.5 
- 
n$ 


Output Delay Time 0,- 
0, 
'co 
Fig. 6 
- 
200 
- 
200 
- 
200 
- 
700 
- 
4BO 
- 
340 
n$ 
f--- 


'em 
450 
450 
340 
n$ 
f--- 


tcmos 
2000 
1350 
1000 
n. 


Interrupt ReleaseTime 
'IR 
Fig. 7 
- 
1200 
- 
900 
- 
700 
- 
1200 
- 
900 
- 
700 
n$ 
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Bus Read Timing 
(Read Information 
from 
PTM) 


c;-C";. 
cr.-G;, 


RES 


c;-c;,~-GJ. 


RES 


,_ t=m-:IX-R-I---'~V~C~C~_~2~'0=V' 


IRQ 
fi 
--------- 


Figure 2 
Bus Write Timing 
(Write 
Information 
into PTM) 


VOH 
(CMOS) 
= 0.7 x vcc 


Figure 6 
Output 
Delay 
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Load A 
5.0V 
(0, - 0,) 


Load C 
5.0V 
(iRQ0;jIY) 


1.3 kfl 


Test Point 


100pFI 


• 
GENERAL 
DESCRIPTION 
The PTM is part of the HMCS6800 microprocessor 
family 
and is fully bus compatible 
with HD6800 systems. The three 
timers in the HD6340/HD6840 
operate independenlly 
and in 
several distinct modes to fit a wide variety of measurement and 
synthesis applications. 


The PTM is an integrated 
set of three distinct 
counter/ 
timers. 
It consists of three 
16·bit data latches, 
three 
16·bit 
counters 
(clocked 
independently), 
and 
the 
comparison 
and 
enable circuitry 
necessary to implement 
various measurement 
and synthesis functions. In addition, it contains interrupt drivers 
to 
alert 
the 
processor 
that 
a particular 
function 
has been 
completed. 
In a typical application, a timer will be loaded by first storing 
two bytes of data into an associated Counter Latch. This data is 
then transferred 
into 
the counter 
via a Counter 
initialization 
cycle. If the counter is enabled, the counter decrements on each 
subsequent 
clock period 
which may be an external 
clock, or 
Enable (E) until one of several predetermined 
conditions causes 
it to halt or recycle. The timers are thus programmable, cyclic in 
nature, 
controllable 
by external inputs or the MPU program, 
and accessible by the MPU at any time. 
• 
PTh'I 
INTERFACE 
SIGNALS 
FOR 
MPU 
The Programmable 
Timer Module (PTM) interfaces 
to the 
HMCS6800 Bus with an eight·bit bidirectional 
data bus, two 
Chip Select lines, a Read/Write line, an Enable (System 4>2) line, 
an Interrupt 
Request 
line. an external 
Reset line, and three 
Register 
Select lines. These signals. in conjunction 
with the 
HD6800 
VMA output, 
permit the MPU to control 
the PTM. 


VMA should be utilized in conjunction 
with an MPU address 
line into a Chip Select of the PTM, when the HD6800, HD6802 
are used. 


• 
Bidirectional 
Data 
(Do - 
0,) 


The bidirectional 
data lines (Do-0,) allow the transfer of 
data between the MPU and PTM. The data bus output 
drivers 
are three-state devices which remain in the high·impedance (off) 
state except 
when the MPU performs 
a PTM read operation 
(Read/Write 
and Enable lines "High" 
and PTM Chip Selects 


Load B 
(0,.0,.0,) 


Adjust RL 
so that 
IOL =.3.2 mA 
then test 
VOL 


All diodes are 
1S2074 43) or equiv. 


Load 0 
(0, .0, . 031 
(CMOS 
Load) 
(MOS) 


activated). 
• 
Chip Select 
(CSo, CSd 


These two signals are used to activate the Data Bus interface 
and allow transfer of data from the PTM. With CSo = "Low" 
and CS, = "High". the device is selected and data transfer will 
occur. 


• 
ReacllWritll 
(R!W1 


This signal is generated by the MPU to control the direction 
of data transfer 
on the Data Bus. With the PTM selected, a 
"Low" state on the PTM R/W line enables the input buffers and 
data is transferred 
from the MPU to the PTM on the trailing 
edge of the Enable (System 4>,) signal. Alternately , (under the 
same conditions) 
R/W = "High" and Enable "High" allows data 
in the PTM to be read by the MPU. 
• 
Enable 
(E) 


This signal synchronizes data transfer between the MPU and 
the PTM. It also performs an equivalent synchronization 
func- 
tion on the external clock, reset, and gate inputs of the PTM. 
• 
Interrupt 
Request 
(IRQ) 


The active "Low" 
Interrupt 
Request signal is normally tied 
direclly 
(or through 
priority 
interrupt 
circuitry) 
to the IRQ 
input 
of the MPU. This is an "open 
drain" 
output 
(no load 
device on the chip) which permits other similar interrupt 
re- 
quest lines to be tied together in a wire-OR configuration. 


The IRQ line is activated if, and only if, the Composite Inter- 
rupt Flag (Bit 7 of the Internal Status Register) is asserted. The 
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conditions under which the IRQ line is activated are discussed in 
conjunction with the Status Register . 
• 
Reset (RES) 


A "Low" level at this input is clocked into the PTM by the 


Enable (System 
1/>2) input. Two Enable pulses are required to 


synchronize and process the signal. The PTM then recognizes the 
active "Low" 
or inactive "High" on the third Enable pulse. If 


the RES signal is asynchronous, 
an additional Enllble period is 


required 
if setup times are not met. The RES input must be 


stable "High"/"Low" 
for the minimum time stated in the AC 
Characteristics. 
Recognition 
of a "Low" 
level at this input 
by the PTM 


causes the following action to occur: 
a. All counter 
latches are preset 
to their maximal count 


values. 
b. All Control Register bits are cleared with the exception of 
CRIO (internal reset bit) which is set. 


c. All counters are preset to the contents of the latches. 
d. All counter 
outputs 
are reset and all coun~er clocks are 


disabled. 
e. All Status Register bits (interrupt 
flags) are cleared. 


• 
Register Select Lines (RS•• RS•• RS2) 
These inputs are used in conjunction 
with the R/W line to 


select the internal registers, counters and latches as shown in 
Table I. 


It has been previously stated that the PTM is accessed via 


MPU Load and Store operations 
in much the same manner as a 


memory device. The instructions 
available with the HMCS6800 


family of MPUs which perform operations directly on memory 
should not be used when the PTM is accessed. These instruc- 
tions actually fetch a byte from memory, perform an operation, 
then restore it to the same address location. Since the PTM used 
the R/W line as an additional register select input, the modified 
data may not be restored to the same register if these instruc- 
tions are used. 


• 
PTM ASYNCHRONOUS INPUT/OUTPUT SIGNALS 
Each of the three timers within the PTM has external clock 


and gate inputs as well as a counter output line. The inputs are 
high impedance, TIL 
compatible lines and outputs are capable 


of driving two standard TIL loads. 
• 
Clock Inputs (C.. c.. Ci) 


Input 
pins c., C;, and C; will accept asynchronous 
TIL 


voltage level signals to decrement 
Timers I, 2, and 3, respec- 


tively. The "High" and "Low" levels of the external clocks must 
each be stable for at least one system clock period plus the sum 


R-.,ist.r . 
SeIOC1Inputs 
OpeNtions 


RS, 
RS, 
RS. 
R/w·"Low" 
RM· 
"High" 


CR20 - "0" 
Write Control Regi.ter #3 
All bits "0" 
L 
L 
L 
CR20 z "I" 
Write Control Regi.ter #1 


L 
L 
H 
Write Control 
Register #2 
Reed Statu. Regi.ter 
L 
H 
L 
Write MSB Buffer Regi.ter 
Reed Timer #1 
Counter 


L 
H 
H 
Write Timer #1 
Latches 
Reed LSB Buffer Regi.ter 


H 
L 
L 
Write MSB Buffer Register 
RO!d Timer jt2 Counter 


H 
L 
H 
Write Timer #2 
Letches 
Reed LSB Buffer Regi.ter 


H 
H 
L 
Write MSB Buffer Register 
Read Timer 
#3 
Counter 


H 
H 
H 
Write Timer 
#3 
Latches 
Reed LSB Buffer Regi.ter 


of the setup and hold times for the inputs. The asynchronous 
clock rate can vary from dc to the limit imposed by Enable 
(System 
dJ2) Setup, and Hold time. 


The external clock inputs are clocked in by Enable (System 


1/>2) pulses. Three Enable periods are used to synchronize and 
process the external clock. The fourth Enable pulse decrements 
the internal counter. TIlls does not affect the input frequency, it 
merely creates a delay between 
a clock input transition 
and 


internal 
recognition 
of that transition 
by the PTM. All refer- 
ences to C inputs in this document relate to internal recognition 
of the input transition. Note that a clock "High" or "Low" level 
which does not meet setup and hold time specifications may 
require an additional 
Enable pulse for recognition. 
When ob- 
serving recurring events, a lack of synchronization 
will result in 


·~itter" 
being observed on the output 
of the PTM when using 


asynchronous 
clocks and gate input signals. There are two types 


of jitter. "System jitter" 
is the result of the input signals being 


out of synchronization 
with the Enable (System 1/>2), permitting 


signals with marginal setup and hold time to be recognized by 
either the bit time nearest the input transition or the subsequent 
bit time. 


"Input 
jitter" 
can be as great as the time between input 


signal negative going transitions plus the system jitter, if the 
fust transition is recognized during one system cycle, and not 
recognized the next cycle, or vice versa. 


External clock input C. represents a special case when Timer 
#3 is programmed to utilize its optional +8 prescaler mode. The 
maximum input frequency 
and allowable duty cycles for this 
case are specified under the AC Characteristics. 
The output 
of 


the +8 prescaler is treated in the same manner as the previously 
discussed clock inputs. That is, it is clocked into the counter by 
Enable 
pulses, 
is 
recognized 
on 
the 
fourth 
Enable 
pulse 
(provided setup and hold time requirements are met), and must 
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produce an output pulse at least as wide as the sum of an Enable 
period, setup, and hold times. 


En.ble~~ 
Input~~ 


Recog~1'- 


Input 
~i •.h••. J 
'--"'.. 
LoI ••••• 
Either 
or Here 
Here 
--i 
I--System 
IT 
Bit Time 
----------- 
,s--l 
J 
Jitter 


Input 
pins 
~, 
G;, 
and G; 
accept 
asynchronous 
TIL· 
compatible 
signals which are used as triggers or clock gating 


functions to Timers I, 2, and 3, respectively. The gating inputs 
are clocked into the PTM by the Enable (System ~,) signal in 
the same manner as the previously discussed clock inputs. That 
is, a Gate transition 
is recognized by the PTM on the fourth 


Enable pulse (provided setup and hold time requirements 
are 


met), and the "High" or "Low"levels 
of the Gate input must be 


stable for at least one system cloc'u>eriod plus the sum of setup 
and hold times. All references to G transition in this document 
relate to internal recognition of the input transition. 
The Gate inputs of all timers directly affected the internal 


16-bit counter. The operation ofG; 
is therefore independent 
of 
the +8 prescaler selection. 
• 
Timer Outputs (0,,0,.031 


Timer outputs 01 , 0" and 03 are capable of driving up to 


two TIL 
loads and produce 
a defmed output 
waveform for 


either 
Continuous 
or Single·Shot Timer modes. Output 
wave· 
form defmition is accomplished by selecting either Single 16-bit 
or Dual 8-bit operating 
modes. 
The single 16-bit mode will 


produce 
a square-wave output 
in the continuous 
timer mode 


and will produce a single pulse in the Single-Shot Timer mode. 
The Dual 8-bit mode will produce a variable duty cycle pulse in 
both the continuous 
and single shot Timer modes. "1" bit of 


each 
Control 
Register (CRX7) is used to enable the corres- 
ponding 
output. 
If this bit is cleared, the output 
will remain 


"Low" 010 dregardless of the operating mode. 


If it is cleared while the output is high the output will go low 


during the first enable cycle following a write to the Control 
Register. 


The Continuous 
and Single-Shot Timer Modes are the only 


ones for which output 
response is defmed in this data sheet. 


Signals appear at the outputs (unless CRX1= "0") during Fre- 
quency 
and Pulse Width 
cOmparison modes, but the actual 


waveform is not predictable in typical applications. 
• 
CONTROL 
REGISTER 


Each timer in the HD6340 has a corresponding 
write-only 
Control 
Register. 
Control 
Register #2 has a unique 
address 


space (RSO="High", 
RSI ="Low", 
RS2="Low") 
and therefore 


may 
be 
written 
into 
at any time. 
The 
remaining 
Control 


Registers (#1 
and#3) 
share the Address Space selected by a 


"Low" level on all Register Select inputs. 
• 
CR20 
The least-Significant bit of Control 
Register #2 (CR20) is 


used as an additional addressing bit for Control Registers #1 and 


#3. Thus, with all Register selects and R/W inputs at "Low" 
level. Control Register #1 will be written into if CR20 is a logic 
"1". Under the same conditions, control Register #3 can also be 
written 
into after a RES "Low" condition has occurred, since 
all control 
register bits (except CRIO) are cleared. Therefore, 
one may write in the sequence CR3, CR2, CRI. 


• 
CR10 
The least-significant bit of Control Register #1 is used as an 


internal 
Reset bit. When this bit is a logic "0", 
all timers are 


allowed to operate in the modes prescribed by the remaining 
bits of the control registers. Writing a "I" 
into CRI0 causes all 
counters to be preset with the c()ntents of the corresponding 
counter latches, all counter clocks to be disabled, and the timer 
outputs 
and 
interrupt 
flags (Status 
Register) 
to 
be 
reset. 


Counter 
Latches and Control Registers are undisturbed 
by an 


Internal Reset and may be written into regardless of the state 
ofCRIO. 
• 
CR30 
The least-significant bit of Control Register #3 is used as a 
selector 
for a +8 pre scaler which is available with Timer #3 
only. The prescaler, if selected, is effectively placed between the 
clock input circuitry and the input to Counter #3. It can there- 
fore be used with either the internal clock (Enable) or an ex- 
ternal clock source. 
• 
CRX1 - 
CRX7 (X=1-31 
The 
functions 
depicted 
in the 
foregoing 
discussions 
are 


tabulated in Table 2 for ease of reference. 


Control Register Bits CRIO; CR20, and CR30 are unique in 


that 
each selects a different 
function. 
The remaining bits (1 
through 7) of each Control Register select common functions, 
with a particular 
Control 
Register affecting 
only its corres- 


ponding timer. 


• 
CRX1 
Bit 1 of Control Register #1 (CRll) 
selects whether an in- 


ternal or external clock source is to be used with Timer #1. 
Similarly, CR21 selects the clock source for Timer #2, and 
CR31 performs 
this function 
for Timer #3. The function 
of 


each bit of Control Register "X" can therefore 
be defined as 


shown in the remaining section of Table 2. 


• 
CRX2 
Control Register Bit 2 selects whether the binary information 
contained in the Counter Latches (and subsequently loaded into 
the counter) is to be treated as a single 16-bit word or two 8-bit 
bytes. In the single 16-bit Counter Mode (CRX2=0) the counter 
will decrement 
to zero after N + I enabled (G="Low") 
clock 


periods, where N is defined as the 16-bit number in the Counter 
Latches. With CRX2 = I, a similar Time Out will occur after (L 
+ 1)·(M + I) enabled clock periods, where L and M, respec- 
tively, refer to the LSB and MSB bytes in the Counter Latches. 
• 
CRX3-CRX7 
Control Register Bits 3, 4, and 5 are explained in detail in the 


Timer Operating Mode section. Bit 6 is an interrupt 
mask bit 


which will be explained 
more fully in conjunction 
with the 


Status Register, and bit 1 is used to enable the corresponding 
Timer Output. A summary of the control register programming 
modes is shown in Table 3. 


• 
STATUS 
REGISTER/INTERRUPT 
FLAGS 


The PTM has an internal 
Read-Only Status Register which 
contains 
four 
Interrupt 
Flags. 
(The remaining 
four bits of 


the register are not used, and default to "O"s when being read.) 
Bits 0, 1, and 2 are assigned to Timers 1,2, and 3, respectively, 
as individual flag bits, while Bit 1 is a Composite Interrupt 
Flag. 


This flag bit will be asserted if any of the individual flag bits is 
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CONTROL 
REGISTER 
#, 
CONTROL 
REGISTER 
#2 
CONTROL 
REGISTER 
#3 


CR'O 
I Internal 
Reset 
Bit 
CR20 IControl 
Register Address Bit 
CR30 
I Timer 
#3 Clock Control 


"0" 
All timers 
allowed 
to operate 
"0" 
CR #3 may be written 
"0" 
T3 Clock is not prescaled 
"'" 
All timers held 
in preset 
state 
"1" 
CR #1 may 
be written 
"," 
T3 Clock is prescaled by -i- 8 


CRX'· 
Timer 
#X 
Clock Source 


"0" 
TX uses external clock source on ex input 
"," 
TX uses Enable clock 


CRX2 
Timer #X 
Counting 
Mode Control 


"0" 
TX configured 
for normal (16-bit) 
counting 
mode 
"," 
TX configured 
for dual 8-bit counting 
mode 


CRX3 
CRX4 
CRX5 
Timer #X 
Counter 
Mode and Interrupt 
Control 
(See Table 3) 


CRX6 
Timer #X 
Interrupt 
Enable 
"0" 
Interrupt 
Flag masked on IRQ 
"," 
Interrupt 
Flag enabled to IRQ 


CRX7 
Timer #X 
Counter Output 
Enable 
"0" 
TX Output 
masked on output 
OX 


"," 
TX Output 
enabled 
on output 
OX 


set while Bit 6 of the corresponding 
Control Register is at a 
logic" I". The conditions for asserting the Composite Interrupt 
Flag bit can therefore be expressed as: 


INT = II 'CRI6 
+ 12 'CR26 + 13 'CR36 


where INT 
= Composite Interrupt Flag (Bit 7) 
I 1 = Timer #1 Interrupt 
Flag (Bit 0) 


12 = Timer #2 Interrupt 
Flag (Bit I) 


13 = Timer #3 Interrupt Flag (Bit 2) 


An interrupt 
flag is cleared by a Timer Reset condition, Le., 


External RES = "Low" or Internal Reset Bit (CRIO) = "I". 
It 
will also be cleared by a Read Timer Counter Command pro- 
vided that the Status Register has previously been read while the 
interrupt 
flag was set. This condition 
on the 
Read 
Status 
Register - Read Timer Counter (RS- RT) sequence is designed 
to prevent missing interrupts 
which might occur after the status 
register is read, but prior to reading the Timer Counter. 
An Individual Interrupt 
Flag is also cleared by a Write Timer 
Latches 
(W) command 
or a Counter 
Initialization 
(CI) seq- 
uence, provided that W or CI affects the Timer corresponding to 
the individual Interrupt Flag. 


• 
COUNTER 
LATCH 
INITIALIZATION 
Each of the three 
independent 
timers consists of a 16·bit 
addressable 
counter 
and 
16 bits of addressable latches. 
The 
counters are preset to the binary numbers stored in the latches. 
Counter 
initialization 
results in the transfer of the latch con- 
tents to the counter. See notes in Table 5 regarding the binary 
number N, L, or M placed into the Latches and their relation- 
ship to the output waveforms and counter Time-Outs. 
Since the PTM data bus is 8-bits wide and the counters are 
16-bits wide, a temporary 
register (MSB Buffer Register) is 
provided. 11Iis "write only" register is for the Most Significant 


Byte of the desired latch data. Three addresses are provided for 
the MSB Buffer Register (as indicated in Table I), but they all 
lead to the same Buffer. Data from the MSB Buffer will auto- 
matically be transferred into the Most Significant Byte of Timer 
#X when a Write Timer #X Latches Command is performed. So 
it can be seen that the PTM has been designed to allow trans- 
fer of two bytes of data into the counter latches provided that 
the MSB is transferred first. 


In many 
applications, 
the 
source 
of the data will be as 


HMCS6800 MPU. It should be noted that the 16-bit store opera- 
tions of the HMCS6800 microprocessors 
(STS and STX etc.) 


transfer data in the order required by the PTM. A Store Index 
Register Instruction, 
for example, results in the MSB of the X 


register being transferred to the selected address, then the LSB 
of the X register being written 
into the next higher location. 


Thus, either the index register or stack pointer 
may be trans- 


fered directly into a selected counter latch with a single instruc- 
tion. 
A logic "Low" at the RES input also initializes the counter 


latches. In this case, all latches will assume a maximum count of 
(65,536)10. 
It is important 
to note that an Internal Reset (Bit 0 


of Control Register I Set) has no effect on the counter latches. 


• 
COUNTER 
INITIALIZATION 
Counter Initialization 
is defined as the transfer of data from 


the latches to the counter with subsequent 
clearing of the Indi- 


vidual 
Interrupt 
Flag associated 
with 
the 
counter. 
Counter 


Initialization 
always occurs 
when 
a reset condition 
(RES = 
"Low" 
or CRIO = "I") 
is recognized. 
It can also occur - 


depending on Timer Mode - with a Write Timer Latches com- 
mand or recognition of a negative transition 
of the Gate input. 


Counter recycling or re-initialization 
occurs when a negative 


transition of the clock input is recognized after the counter has 
reached an all-zero state. In this case, data is transferred 
from 


the Latches to the Counter. 


• 
TIMER 
OPERATING 
MODES 
The PTM has been 
designed 
to operate 
effectively 
in a 


wide variety of applications. This is accomplished by using three 
bits 
of each control 
register (CRX3, 
CRX4, and CRX5) to 
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defined different 
operating modes of the Timers. These modes 
are divided into Wave Synthesis and Wave Measurement modes, 
and outlined in Table 3. 


Control 
Register 


CRX3 
CRX4 
CRX5 
Timer 
Operlting 
Mode 


0 
" 
0 
Continuous 
Wave 


0 
" 
1 
Single-Shot 
Synthesis 


1 
0 
" 
Frequency 
Comparison 
Wave 
1 
1 
" 
Pulse Width Comparison 
Measurement 


One of the WAVE SYNTHESIS modes is the Continuous 
Operating 
mode, which is useful for cyclic wave generation. 


Either symmetrical 
or variable duty-cycle 
waves can be gen- 
erated in this mode. The other wave synthesis mode, the Single- 
Shot mode, is similar in use to the Continuous operating mode, 
however, a single pulse is generated, with a programmable preset 
width. 


The WAVE MEASUREMENT modes include the Frequency 
Comparison and Pulse Width Comparison modes which are used 
to measure cyclic and singular pulse widths, respectively. 
In addition to the four timer modes in Table 3, the remaining 
control register bit is used to modify counter initialization 
and 
enabling or interrupt conditions. 


• 
Continuous 
Operating 
Mode (Table 4) 
The continuous mode will synthesize a continuous wave with 
a period proportional 
to the preset number in the particular 
timer latches. 


Any of the 
timers 
in the 
PTM may be programmed 
to 
operate in a continuous mode by writing "O"s into bits 3 and 5 
of the corresponding 
control register. Assuming that the timer 
output is enabled (CRX7 = "I "), either a square wave or a vari- 
able 
duty 
cycle waveform 
will be generated 
at the 
Timer 
Output, OX. The type of output is selected via Control Register 
Bit 2. 
Either 
a Timer 
Reset (CRlO 
= "I" 
or External 
RES = 
"Low") 
condition 
or internal 
recognition 
of a negative tran- 
sition of the Gate input results in Counter Initialization. 
A Write 
Timer Latches command can be selected as a Counter Initiali- 
zation sigrtal by clearing CRX4. 


The counter is enabled by an absence of a Timer Reset con- 
dition and a "Low" level at the Gate input. In the l6-bit mode, 
the counter 
will decrement 
on the fust clock cycle during or 
after the counter initialization 
cycle. It continues to decrement 
on each clock signal so long as G remains "Low" and no reset 
condition 
exists. A Counter Time Out. (the first clock after all 


CONTINUOUS 
MODE 
(CRX3 = "0", 
CRX5 - "0") 


Control 
Register 
Initillizltion/Output 
Wneforms 


CRX2 
CRX4 
Counter 
Initialization 
"Timo. 
Output 
IOXI 
(CRX7 - ••, ••) 


0 
0 
G~+W+R 
~tN 
+ lHTITIN 
+111nT1N 
+ lilT)! 
I 
I 
I 
,-VOH 


0 
1 
G~+R 
I 
I 
VOL 


t. 
TO 
TO 
TO 


G~+W+R 
~ 
IL + 111M+ O(T>--+----IL 
+ 111M+ 11ln--i 
v 
1 
0 
~-OH 


1 
1 
- 
I 
--1 (LilT) f-- 
--l 
(LilT) t-- 


G~+R 
t. 
TO 
TO 


G~=: Negative transition 
of Gate input. 


W 
= Write Timer 
Latches Command. 


A 
= Timer Reset (CA10::: "1" or External RES = "Low") 


N 
:E 16·Bit Number in Counter Latch. 


L 
:: a-Bit Number in LSB Counter Latch. 


M = 8-Bit Number in MSB Counter 
Latch. 


T 
z:: Clock Input Negative Transitions to Counter. 


t. 
= Counter Initialization 
Cycle. 


TO= Counter Time Out (All Zero Condition"), 


• All time intervals shown above assume the Gate (G) and Clock (C) signals are synchronized 
to Enable 
(System tP2 
) with the specified setup and hold time requirements. 
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CRX7 
o 
1 


Timer 
#X Counter 
Output 
Enable 
TX Output 
masked 
on output 
OX 
TX Output 
enabled 
on output 
OX 


CRX6 
o 
1 


Timer 
#X 
Interrupt 
Enable 
Interrupt 
Flag masked on i'RQ 
Interrupt 
Flag enabled to IRQ 


CRX2 
o 
1 


Timer #x Counting 
Mode Control 
TX configured 
for normal (16·bit) 
counting 
mode 
TX configured 
for dual 8-bit counting 
mode 


CRXl 
o 
1 


Timer 
#X Clock 
Source 
TX uses external clock source on ex: input 
TX uses 
Enable clock 


CR20 
Control 
Register 
Address 
Bit 
o 
CR#3 may be written 
1 
CR#l 
may be written 


X=2 


CR30 Timer 
#3 Clock Control 
o 
T3 Clock is not prescaled 
1 
T3 Clock is prescaled by + 8 


CA10 
Internal 
Reset 
Bit 


o 
All timers allowed to operate 


1 
All timers 
held in preset 
state 
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MIL+1I+1 


Algebraic 
Expression 
03104 + 11 + 1 • 
16 Enables 


1 + L 


5 Enable 
Pulses 


I 
I,, 
, 
I- 


I 
•• 
I 


(M + 11 IL + 11 = Period 
MIL + 11+ 1 = "Low" portion of period 
L::: Pulse width 


:Vcc·2.OV 
:0.4V 
I 


I 
I, 


I 
I 
I 
I 
1+L 
_ 


5 Enable 
: 
Pulses 
II_1+L 
I 
I, 


I 
I. 
I 
I 
I 
I 


IM+l1 
(L+1I 


:~ 


, 
I 
, 
, 
I 
, 
I 
~ 
...-... 


I 
I 
I •• 
I 


Algebraic 
ExpreSSion 
(04 + 11 103 + 11 : 20 Enable or 
External 
Clock Pulses 


Figure 9 
Timer Output Waveform Example 
(Continuous Dual 8-Bit Mode using Internal Enable) 


counter bits = "0") results in the Individual Interrupt Flag being 
set and re-initialization of the counter. 
In the dual 8-bit mode (CRX2= "1") 
[Refer to the example 


in Fig. 9] the MSB decrements once for every full countdown 
of the LSB + I. When the LSB = "0", the MSB is unchanged; on 
the next clock pulse the LSB is reset to the count in the LSB 
Latches and the MSB is decremented by I (one). The output, if 
enabled, remains "Low" during and after initialization 
arid will 


remain "Low" 
until the counter 
MSB is all "O"s. The output 


will go "High" 
at the beginning of the next clock pulse. The 


output 
remains "High" 
until both 
the LSB and MSB of the 


counter are all "O"s. At the beginning of the next clock pulse 
the defmed Time Out (TO) will occur and the output will go 
"Low". 
In the Dual 8-bit mode the period of the output of the 


example 
in Fig. 9 would span 20 clock pulses as opposed to 
the 1546 clock pulses using the Normall6-bit 
mode. 
A special time-out condition 
exists for the dual 8-bit mode 


(CRX2 = "I") 
if L = "0". In this case, the counter will revert to 


a mode similar to the siRgie 16-bit mode, except Time Out 
occurs after 
M+I clock pulses. The output, 
if enabled, goes 


"Low" 
during the Counter Initialization cycle and reverses state 


at each Time Out. The counter remains cyclical (is re-initialized 
at each Time Out) and the Individual Interrupt Flag is set when 
Time Out occurs. If M = L = "0", the internal counters do not 
change, but the output 
toggles at a rate of 1/2 the clock fre- 
quency. 


The discussion of the Continuous Mode has assumed that the 


application 
requires an output 
signal. It should be noted that 


the Timer operates in the same manner with the output disabled 
(CRX7 = "0"). 
A Read Timer Counter 
command 
is valid re- 


gardless of the state of CRX7. 
• 
Single-Shot Timer Mode 
This mode is identical to the Continuous 
Mode with three 


exceptions. 
The first of these is obvious from the name - the 
output 
returns to a "Low" level after the initial Time Out and 
remains 
"Low" 
until 
another 
Counter 
Initialization 
cycle 


occurs. The waveforms available are shown in Table 5. 


As indicated 
in Table 5, the internal counting mechanism 


remains cyclical in the Single-Shot Mode. Each Time Out of the 
counter results in the setting of an Individual Interrupt 
Flag and 


re-initialization of the counter. 


The second major difference 
between 
the Single-Shot and 
Continuous 
modes is that 
the internal 
counter 
enable is not 


dependent on the Gate input level remaining in the "Low" state 
for the Single-Shot mode. 


Another 
special condition 
is introduced 
in the Single-Shot 
mode. If L = M = "O"(Dual 8-bit) or N = "0" (Single 16-bit), the 
output 
goes "Low" 
on the first clock received during or after 
Counter 
Initialization. 
The output 
remains 
"Low" 
until 
the 


Operating Mode is changed or nonzero data is written into the 
Counter Latches_ Time Outs continue 
to occur at the end of 


each clock period. 
The three differences between 
Single-Shot and Continuous 


Timer Modes can be summarized as attributes 
of the Single-Shot 
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mode: 
1. Output 
is enabled 
for only one pulse until it is reini- 
tialized. 


2. Counter Enable is independent 
of Gate. 
3. L = M = "0" or N = "0" disables output. 
Aside from these differences, the two modes are identical. 


Single·Shot 
Mode 


ICRX3' 
"0". 
CRX7' 
"'''. 
CRX5' 
••, ••) 


Control 
Register 
Initialization/Output 
Waveforms 


CRX2 
CRX4 
Counter 
Initieliz.tion 
Tim. 
Output 
(OX) 


0 
Gj+W+R 
r-l IN+l HTI ~IN+l 
HT)1 
0 
!--INHTI 


Gj+R 
~ 
I 
0 
1 
t. 
TO 
TO 


G~+W+R 
r1L+1 
IIM+l IIT)~L+l 
HM+l HTll 
1 
0 
---jILHTI 


1 
1 
GI+R 
11 
t. 
TO 
TO 


• 
WAVE 
MEASUREMENT 
MODES 
The Wave Measurement Modes are the Frequency 
(period) 
Measurement and Pulse Width Comparison Modes, and are pro- 
vided for those applications 
which require more flexibility 
of 
interrupt 
generation and Counter Initialization. 
Individual Inter- 
rupt Flags are set in these modes as a function of both Counter 
Time Out and transitions of the Gate input. Counter Initializa- 
tion is also affected by Interrupt Flag status. 
A timer's output 
is normally not used in a Wave Measure- 
ment mode, but it is defmed. If the 
output 
is enabled, it will 


operate as follows. During the period between reinitialization 
of 


the timer and the fust Time Out, the output 
will be a logical 


zero. 
If the 
fust 
Time Out is completed 
(regardless of its 


method 
of generation), 
the output 
will go "High". 
If further 


TO's occur, the output will change state at each completion of a 
Time-OUt. 
The counter does operate in either Single 16-bit or Dual 8-bit 


modes as programmed 
by CRX2. Other features of the Wave 


Measurement Modes are outlined in Table 6. 


CRX3· 
••, •• 


CRX4 
CRX5 
Application 
Condition 
for Setting 
Individual 
Interrupt 
FI••• 
0 
0 
Frequencv 
Comparison 
Interrupt 
Generated 
if Gate 
Input 
Period 
(1/F) 
is less 
than 
Counter 
Time 
Out 
(TO) 
0 
1 
Frequency. 
Comparison 
Interrupt 
Generated 
if Gate Input 
Period 
(1/F) 
is greater 
than 
Counter 
Time 
Out 
ITOI 
1 
0 
Pulse Width 
Comparison 
Interrupt 
Generated if Gate Input "Down 
Time" 
is less 
then 
Counter 
Time 
Out 
(TO) 
1 
1 
Pulse Width 
Comparison 
Interrupt 
Generated 
if Gii't8 Input 
"Down 
Time" 
is greater 
than 
Counter 
Time 
Out 
ITOI 


• 
Frequency Comparison or Period Measurement Mode (CRX3 
= "''', 
CRX4 = "0") 
The 
Frequency 
Comparison 
Mode with 
CRX5 = "I" 
is 


straightforward. 
If Time Out occurs prior to the first nega\ive 
transition of the Gate input after a Counter Initialization cycle, 
an Individual Interrupt Flag is set. The counter is disabled, and a 
Counter Initializatwn 
cycle cannot be~ 
until the interrupt flag 
is cleared and a negative transition on G is detected. 


If CRX5 = "0", as shown in Table 6 and Table 7, an inter- 
rupt is generated 
if Gate input returns "Low" prior to a Time 
Out. 
If Counter Time-Out occurs fust, the counter is recycled 
and continues to decrement. A bit is set within the timer on the 
initial Time Out which precludes further 
individual interrupt 
generation 
until a new Counter Initialization 
cycle has been 
completed. When this internal bit is set, a negative transition of 
the Gate input starts a new Counter Initialization 
cycle. (The 


condition 
of G.j,·I·TO is satisfied, 
since a Time Out has oc- 


curred and no individual Interrupt has been generated.) 


Any of the timers within the PTM may be programmed to 


compare the period of a pulse (giving the frequency 
after cal- 
culations) ~t the Gate input ~ith the ~~e 
period re~sted 
for 
Counter 
Time-Out. 
A negative 
transItion 
of the Gate input 
enables the counter 
and starts a Counter Initialization 
cycle _ 


provided that other conditions as noted in Table 7 are satisfied. 
The counter decrements on each clock signal recognized during 
or after Counter Initialization until an Interrupt 
is generated 
a 


Write Timer Latches command is issued, or a Timer Reset c~n- 
dition occurs. 
It can be seen from Table 7 that an interrupt 


condition will be generated if CRX5 = "0" and the period of the 
pulse (single pulse or measured separately repetitive pulses) at 
the Cite input 
is less than the Counter Time Out period_ If 


CRX5 = "1", an interrupt is generated if the reverse is true. 
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Assume now with CRX5 = "I" 
that a Counter Initialization 
has occurred and that the Gate input has returned "Low" prior 
to Counter 
Time Out. 
Since there is no Individual Interrupt 
Flag generated, this automatically 
starts a new Counter Initiali- 
zation 
Cycle. The process will continue 
with frequency 
com- 
parison being performed 
on each Gate input 
cycle until the 
mode is changed, 
or a cycle is determined 
to be above the 
predetermined 
limit. 


• 
Pulse Width 
Comparison Mode (CRX3 = "1", 
CRX4 ="1") 


This mode is similar to the Frequency 
Comparison 
Mode 
except for a positive, rather than negative, transition of the Gate 


input 
terminates 
the count. With CRX5 = "0", 
an Individual 
Interrupt 
Flag will be generated if the "Low" level pulse applied 
to the Gate input 
is less than 
the time period 
required 
for 


Counter Time Out. With CRX5 = "I", 
the interrupt is generated 


when the reverse condition is true. 


As can be seen in Table 8, a positive transition 
of the Gate 


input 
disables the counter. With CRX5 = "0", 
it is therefore 


possible to directly obtain the width of any pulse causing an 
interrupt. 
Similar data 
for other 
Time 
Interval 
Modes and 
conditions 
can be obtained, 
if two sections 
of the PTM are 


dedicated to the purpose. 


CRX3 z "''', 
CRX4 z "0" 


Control Rog 
Counter 
Counter En.bl. 
Counte, Enable 
Int.rrupt 
Flog 
Blt51CRX51 
Initialization 
Flip-Flop Set ICEI 
Flip-Flop Roset ICEI 
Set III 


0 
GI·I·(CE+TO)+R 
GI,W'R'I 
W+R+I 
GI Before TO 


1 
GI·I+R 
GI,W'R'I 
W+R+I 
TO Before GI 


CRX3 z "''', 
CRX4 z ••, •• 


Control Reg 
Counter 
Counter 
Enable 
Counter 
Enable 
Interrupt 
F leg 
Bit5lCRX51 
l"lti.liz.tion 
Flip-Flop Sot ICEI 
Flip-Flop Ro••t ICE) 
Sot III 


0 
GI'I+R 
GI'W'R'I 
W+R+I+G 
Gl 
Before TO 


1 
GI'I+R 
GI·W·R·T 
W+R+I+G 
TO BeforeGl 
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Register 1 


All Timers Operate 


All Timers Preset 


Register 2 


Reg #3 May Be Written 


Reg #1 May Be Written 


RllIIister 3 


T3 Clk + 1 


T3Clk+B 


External Clock (CX Input) 


Internal 
Clock (Enable) 


Normal 
(IS-Bit) 
Count Mode 


Dual 8-Bit Count Mode 


Interrupt 
Flag Masked (rm:l) 


Interrupt 
Flag Enabled (IRQ) 


Timer 
Output 
Masked 


Timer Output 
Enable 
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• 
NOTE FOR USE (HD6340 
only) 
Input 
signal, which is not necessary for user's application, 
should be used ftxed to "High" or "Low" level. This is applica- 
ble to the following signal pins. 
c;-; C., C3, ~, 
G., G3 


_____ 
---'x'-- 
~x~ __ 


• 
Notes for the 0, 
- 03 Outputs Noise 
(1) Phenomenon 
When the excessive load capacitance 
is connected 
to data 
bus and GND wiring impedance is not neglectable in the system 
using HD6340, the noise appears in 0, - 03 outpus in the read 
cycle as indicated in Fig. 10 which may cause the erroneous 
operation of the system. 


(2) Cause 
When the data buffer turns from "H" to "L", the excessive 
transient current runs to the GND (the discharge current of the 
data bus load capacity). Therefore, the noise occurs in the GND 
pin of the LSI because of the impedance 
of the GND wiring 
(resistance and inductance). 
See Fig. II for the details. 
Fig. 12 indicates the dependence of the noise voltage upon 
each parameter. 


Vn; 
Noise voltage 


Cd: 
Data bus load capacitance 
29: 
GND 
impedance 


N : Number 
of data bus which 
changes 


according to H -to L. 
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However, it is important to consider the fact that the noise voltage 


varies according to the type of parameter as indicated in Fig. 12. 


(31 Countermeasures 
When the noise cause the erroneous operation of the system, the 


couruermeasures 
to be taken are as follows. 
(a) Latch the 0, - 0, outputs by the falling edge of the signal "E". 


• 
Precautions when using Timer 3 (HD6340 
only) 


When using the HD63B40P Timer 3 under the conditions 
1) 
external clock mode (CR3l = 0) 
2) 
-.- 8 prescaler unused (CR30 = 0) 
and changing the bits of the control register #3 except for the 
CR30 bit (e.g. in a case where the interrupt 
mask bit and 0, 


output 
enable bit are changed and the CR30 is not), there is 
the possibility that one decrement clock may be omitted. 


This 
phenomenon 
occurs 
when tDSW (data 
setup 
time; 


standard spec. 60ns minimum) is less than 80ns, and does not 
occur when tDSW is greater than 8Ons. 


Therefore, 
please avoid to use the HD63B40P 
in the above 


status when tDSW is less than 80ns. 
(This 
phenomenon 
doesn't 
occur 
in 
the 
HD6340P 
and 


HD63A40P.) 
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HD6844,HD68A44,---- 
HD68B44 
DMAC 
(Direct Memory Access Controller) 


The H06844 
Direct 
Memory 
Access Controller 
(DMAC) 
performs 
the 
function 
of transferring 
data directly 
between 
memory 
and 
peripheral 
device 
controllers. 
It 
controls 
the 
address and data buses in place of the MPU in bus organized 
systems such as the HMCS6800 Microprocessor System. 
The 
bus interface 
of the 
H06844 
includes 
select, 
read/ 
write, 
interrupt, 
transfer request/grant, 
and bus interface logic 
to allow the data transfer over an 8·bit bidirectional 
data bus. 


The functional 
configuration 
of the DMAC is programmed via 
the data bus. The internal structure 
provides for control 
and 
handling of four individual channels, each of which is separately 
configured. 
Programmable 
control registers provide control for 
the transfer location and length, individual channel control and 
transfer mode configuration, priority of servicing, data chaining, 
and interrupt 
control. 
Status and control lines provide control 
to the peripheral controllers. 
The mode of transfer for each channel can be programmed as 
cycle·stealing or a burst transfer mode. 
Typical 
applications 
would be with the Floppy Disk Con· 
troller (FDC), etc .. 


• 
FEATURES 
• 
Four 
DMA Channels, 
Each 
Having a 16·Bit Address 
Register and a 16·Bit Byte Count Register 
• 
1 M Byte/See (HD6B44). 1.5 M Byte/See (HD68A44I. 
2.0 M Byte/See (HD68B44) 
Maximum Data Transfer Rate 


• 
Selection of Fixed or Rotating Priority Service Control 
• 
Separate Control Bits for Each Channel 
• 
Data Chain Function 
• 
Address Increment or Oecrement Update 
• 
Programmable 
Interrupts 
and DMA End to Peripheral 
Controllers 
• 
Compatible 
with MC6844, MC68A44. MC68B44 


csrrx::: ~ 
0 
:~~MA 


R~3 
DGANT 


Ao 
4 
i5'R'QT 


A, 
S 
0FiCiH 


AJ 
6 
TxAKA 


AJ 
1 
T;STi 
A. 8 
iRQ/6END 


As 
TxRa. 


A.l 
HD6844 
T,RQ, 


A,11 
TxRQ:I 


A.12 
TxAO) 


A,13 
D. 


A" 
4 
0, 


Al" 
0, 


A'216 
lJ) 


AIJ 
17 
O. 


A,.t 
OJ 


A"l 
O. 


vcc..., 
.."...D, 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc· 
-0.3-+7.0 
V 


Input Voltage 
Vin· 
-0.3-+7.0 
V 


Operating Temperature 
Topr 
-20 - +75 
°c 


Storage Temperature 
TS1ll 
-55-+150 
°c 


• With ,espect to Vss (SYSTEM 
GND) 


(NOTE) 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. Normal 
operation 
should be 


under recommended 
operating 
conditions. 
If these conditions are exceeded, it could affect 
reliability of LSI. 


Item 
Symbol 
min 
typ 
max 
Unit 


Power Supply Voltage 
Vcc· 
4.75 
5.0 
5.25 
V 


V'L· 
-0.3 
- 
0.8 
V 
Input Voltage 


V'H· 
2.0 
Vcc 
V 
- 
Operating Temperature 
Top, 
-20 
25 
75 
°c 


• 
ELECTRICAL CHARACTERISTICS 
(Vcca5V±5%, Vss=OV, Taa-2G-+75°C, 
unle" otherwise noted.) 


• 
DC CHARACTERISTICS 


Item 
Symbol 
Test Condition 
min 
type 
max 
Unit 
Input "High" Voltage 
V'H 
2.0 
- 
Vcc 
V 
Input "Low" Voltage 
V'L 
-0.3 
- 
0.8 
V 


Input Leakage Current 
TxROo_3, 
<l>2DMA, 


lin 
V;n=G-5.25V 
-2.5 
- 
2.5 
IlA 
RES,DGRNT 


Three-State (off state) 
Ao-Al$' 
00-0" 
R/W 
ITS' 
V",=0.4-2.4V 
-10 
- 
10 
IlA 
Leakage Current 


00-0, 
IOH--2O!¥lA 
2.4 
- 
- 
Output "High" Voltage 
Ao-A,s, 
R/W 
VOH 
IOH=-14!¥lA 
2.4 
- 
- 
V 


All Other Outputs 
IOH=-IOO/lA 
2.4 
- 
- 
Output "Low" Voltage 
VOL 
IOL=I.6mA 
- 
- 
0.4 
V 
Source Current 
CS/TxAKB 
less 
V;n='OV,Fig. 10 
- 
10 
16 
mA 
Power Dissipation 
Po 
- 
500 
1000 
mW 


<l>2DMA 
- 
- 
20 


00-0" CS, Ao-~, 
V",=OV,T.=25°C 
- 
- 
12.5 
pF 
Input Capacitance 
RiW 
Gin 
f=I.OMHz 
TxROo_3, 
RES, 
- 
- 
10 
DGRNT 
Output Capacitance 
Cout 
V1n=OV,T.=25°C, f=IMHz 
- 
- 
12 
pF 
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• 
AC CHARACTERISTICS 
(Load Condition 
Fill. 9) 


1. CLOCK 
TIMING 


Test 
HD6844 
HD68A44 
HD68844 
Item 
Symbol 
Condition 
Unit 


min 
typ 
me. 
min 
typ 
me. 
min 
typ 
me. 


~, DMA Cycle Time 
!cvc4> 
Fig. 2 
1000 
- 
- 
666 
- 
- 
500 
- 
- 
ns 


~, DMA Pulse Width I "High" 
LINel 
PW~H 
Fig. 2 
450 
- 
- 
280 
- 
- 
235 
- 
- 
ns 


I ..Low" 
Level 
PW~L 
Fig. 2 
400 
- 
- 
230 
- 
- 
210 
- 
- 
ns 


~, DMA 
Rise end Fell Time 
'4>,,'4>1 
Fig. 2 
- 
25 
25 
- 
25 
ns 


Test 
HD6844 
HD68A44 
HD68844 
Itam 
Symbol 
Condition 
Unit 


min 
typ 
me. 
min 
typ 
me. 
min 
typ 
me. 


~, DMA Rising 
tTasl 
120 
- 
- 
120 
- 
- 
120 
- 
- 
Edge 
TxRQ 
Setup Time 
ns 


~, DMA Felling 
tTQS2 
210 
- 
- 
210 
- 
- 
155 
- 
- 
Edge 
Fig. 3 
~] OMA Rising 
tTQH1 
20 
- 
- 
10 
- 
- 
10 
- 
- 
Edge 
T.RO 
Hold Time 
ns 


~, DMA Felling 
tTaH2 
20 
- 
- 
10 
- 
- 
10 
- 
- 
Edge 


DGRNT 
Setup Time 
DGRNT 
tOGS 
155 
- 
- 
125 
- 
- 
115 
- 
- 
Fig. 4 
ns 


DGRNT 
Hold Time 
DGRNT 
tOGH 
10 
- 
- 
10 
- 
- 
10 
- 
- 


Addre •• Output 
A,-A". 
R/W, 
tAD 
Fig.6 
- 
- 
270 
- 
- 
180 
- 
- 
160 
ns 
Daley Time 
T.ST8 


Address Output 
Ao-AI5• 
R/W 
Fig. 6 
30 
- 
- 
20 
- 
- 
20 
- 
- 


Hold Time 
tAHO 
Fig.7 
ns 


T.ST8 
35 
- 
- 
35 
- 
- 
35 
- 
- 


Address Th r•• -State 
Ao-AI',RiW 
Fig. 7 
270 
270 
270 
Delay Time 
tATSO 
- 
- 
- 
- 
- 
- 
ns 


Address 
Three-State 
Ao-AI5• 
Rm 
Fig. 7 
270 
270 
270 
Recovery Time 
tATSR 
- 
- 
- 
- 
- 
- 
ns 


Delay Time 
DROH. 
DROT 
toaD 
Fig.5 
- 
- 
375 
- 
- 
250 
- 
- 
210 
ns 


~2 DMA 
Rising 


tTK01 
Fig. 5 
- 
- 
400 
- 
- 
310 
- 
- 
250 
Edge 
T.AK 
Daley Time 
ns 


DGRNT 
Rising 
tTK02 
Fig. 8 
- 
- 
190 
- 
- 
160 
- 
- 
150 
Edge 


~, DMA Felling 


tOEOl 
Fig.6 
- 
- 
300 
- 
- 
250 
- 
- 
210 
IROIDEND 
Dalay 
Edge 


ns 
Time 
DGRNT 
Rising 
Edge 
tOEo2 
Fig.8 
- 
- 
190 
- 
- 
160 
- 
- 
125 


3. BUS TIMING 


1) READ 
TIMING 


Test 
HD6844 
HD68A44 
HD68844 
Item 
Symbol 
Condition 
Unit 
min 
typ 
me. 
min 
typ 
me. 
min 
typ 
me. 


Address 
Setup Time 
A,-A 
•• RIW. 


tAS 
140 
- 
- 
140 
70 
CS 
- 
- 
- 
- 
ns 


Addr •• s Input 
Hold 
A,-A 
•• RIW, 
tAHI 
10 
Time 
es 
- 
- 
10 
- 
- 
10 
- 
- 
n, 


Data Daley Time 
0.,-0, 
tOOR 
Fig. 2 
- 
- 
320 
- 
- 
220 
- 
- 
180 
ns 


Deta Access Time 
°0-0., 
tAce 
- 
- 
460 
- 
- 
360 
- 
- 
280 
ns 


Dete Output 
Hold 
°0-0, 
tOHR 
10 
Time 
- 
- 
10 
- 
- 
10 
- 
- 
n, 
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Test 
H06844 
H068A44 
H068844 
Item 
Symbol 
Condition 
Unit 


min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Address Setup Time 
A,-A., 
AM. 


tAS 
140 
- 
- 
140 
- 
- 
70 
- 
- 
ns 
CS 


Address Input 
Hold 
A,-A 
•• AM. 


tAHI 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 
Time 
CS 
Fig.2 


Data Setup Time 
00-0, 
tosw 
195 
- 
- 
80 
- 
- 
60 
- 
- 
ns 


Data 
Input 
Hold 
00-0, 
tOHW 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 
Time 


#0 
H. 
L 
_______ 
.1. 
_ 


# 1 H: 
L 
---- -- --, -- ------ 
#2 
H 
I 
L 
-.-3- H--: - ---C-- 


#0 
H' 
L 
_______ 
.J 
_ 


_!~__t-!. _ ~ 
~ 
_ 
_!~_~ __:_---L---- 


#3 
H 
I 
L 


BYTE 
co.wr 
REGISTER 


( 18X") 


T.Ra. 
T.RQ, 
T.AQ, 


T.AQ, 
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Ao:::A4 
tlnput) 
R/W(lnput) 
CS (Input) 
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J12.0V 
--------- -----t-D-~-I 


TxAKA 


CSfTxAKB 
(Output) 
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A.=-AJ.' 
(Output) 
R/W (uutputl 
TxSTB 


tOED 
x' 
2.4V 


O.4V 
__________ 
-.J 
_ 


tAHD 


Figure 7 Timing 
of Address Three-state 
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Test terminal 
C 
R 


00-0, 
130 pF 
11 H2 


Ao-A,s. 
RIW 
90pF 
16kn 


CS/TxAKB 
50 pF 
24kn 


All other outputs 
30pF 
24kn 


,...-- ----- ---------------------, 
I 
I 
I 
I 


~!'"""!---ICSS 
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• 
DEVICE OPERATION 
The DMAC has fifteen addressable registers, eight of them 
are sixteen bits in length. Each channel has a separate Address 
Register and a Byte Count Register, each of which is sixteen 
bits. There are also four Channel Control Registers. The three 
General Control Registers common to all four channels are the 
Priority 
Control Register, the Interrupt 
Control 
Register, and 
the Data Chain Register. 


To prepare a channel for DMA, the Address Registers must 


be loaded with the starting memory address and the Byte Count 
Register loaded with the number of bytes to be transferred. The 
bits in the Channel Control 
Register establish the direction of 
the transfer, the mode, and the address increment or decrement 
after 
each cycle. Each channel can be set for one of three 
transfer modes: Three-State Control (TSC) Steal, Halt Steal, or 
Halt Burst. Two read-only status bits in the Channel Control 
Register indicate when the channel is busy transferring data and 
when the DMA transfer is completed. 
The Priority Control Register enables the transfer requests 


from the peripheral 
controllers 
and establishes either a fIXed 
priority 
or rotating priority scheme of servicing these requests. 


When the DMA transfer for a channel is complete (the Byte 
Count Register is zero), a DMA End signal is directed to the 
peripheral controller 
and an IRQ goes to the MPU. Enabling of 
these interrupts 
is done in the interrupt 
Control Register. The 
IRQ flag bit is read from this register. 


Chaining of data transfers is controlled 
by the Data Chain 
Register. When enabled, the contents of the Address and Byte 
Count Registers for channel #3 are put into the registers of the 
channel 
selected 
for chaining when its Byte Count 
Register 
becomes zero. This allows for repetitively reading or writing a 
block of memory. 


During the DMA mode, the DMAC controls the address bus 
and 
data 
bus for the system as well as providing the RtW 
line 
and 
a signal to be used as VMA. When a peripheral 
device controller 
desires a DMA transfer, it is requested by a 
Transfer Request. Assuming this request is enabled and meets 
the 
test 
of highest 
priority, 
the 
DMAC will issue a DMA 
Request. When the DMAC receives the DMA Grant, it gives a 
Transfer Acknowledge 
to the peripheral 
device controller, 
at 
which time the data is transferred. 
When the channel's 
Byte 
Count Register equals zero, the transfer is complete and a DMA 
EUl is given to the peripheral device controller, and an IRQ is 
given to the MPU. 


• 
Initialization 
During a power-on sequence, the DMAC is reset via the RES 
input. All registers, with the exception of the Address and Byte 
Count Registers, are' set to a logic "0" 
state. This disables all 
requests 
and 
the 
Data 
Chain 
function 
while 
masking 
all 
interrupts. 
The Address, 
Byte Count, 
and Channel 
Control 
Registers must be programmed 
before the respective transfer 
request bit is enabled in the Priority Control Register. 


• 
Transfer Modes 
There are three ways in which a DMA transfer may be done. 


The one used is determined 
by the data transfer rate required, 
the number of channels attached, 
and the hardware complexity 
allowable. Refer to Figures 12,16 and 17. 
Two of the modes, TSC Steal and Halt Steal, are done by 
cycle-stealing 
from the MPU. The Three-State 
Con~SC) 
Steal mode is initiated 
by the DMAC bringing the DRQT line 
"Low". This line goes to the system clock driver which returns a 
"High" 
on DGRNT on the rising edge of the system 
1/>1 clock. 


The DGRNT signal must cause the address control 
and data 


lines to go to the 
high impedance 
state. 
The 
DMAC now 
supplies the address from the Address 
Register of the channel 
requesting. It also supplies the R/W signal as determined 
from 
the Channel Control 
Register. After 
one byte 
is transferred, 
control is returned to the MPU. This method stretches the 
1/>. 
and 1/>, clocks while the DMAC uses the memory. 


The second method of cycle-stealing is the Halt Steal mode. 


This method actually halts the MPU instead of stretching the 1/>1 
clock for the transfD 
19riOd. This mode is initiated 
by the 
DMAC bringing the 
R 
H line "Low". 
This line connects to 


the MPU HALT input. The MPU Bus Available (BA) line is the 
DGRNT 
input 
to 
the DMAC. While the MPU is halted, 
its 


Address Bus, Data Bus, and RtW are in the high impedance 
state. The DMAC now supplies the address and RtW line. After 
one byte is transferred, 
the HALT line is returned "High" and 
the MPU regains control. In this mode, the MPU stops internal 
activity and is removed from the system while the DMAC uses 
the memory. 


The third mode of transfer 
is the Halt Burst mode. This 
mode is similar to the Halt Steal mode, except that the transfer 
does not stop with one byte. The MPU is halted while an entire 
block of data is transferred. 
When the channel's Byte Count 
Register equals zero, the transfer 
is complete 
and control 
is 
returned to the MPU. This mode gives the highest data transfer 
rate, 
at the 
expense 
of the MPU being inactive dUring the 
transfer period. 


• 
INPUT/OUTPUT 
FUNCTIONS 
• 
DMAC Interface Signals for the MPU 
The DMAC interfaces with the HMCS6800 MPU through the 


eight-bit bidirectional 
data bus, the CS line, five address lines, 


an IRQ line, the Read/Write line, and the RES line. These sig- 
nals, in conjunction with the HMCS6800 VMA output, 
permit 
the MPU to have access to the DMAC. Four other lines as- 
sociated 
with the MPU and the clock driver are the DRQT, 


DRQH, DGRNT, and the 1/>, DMA. 


Bidirectional Data (Do-0,) 
The Bidirectional Data lines (Do-D,) 
allow for data transfer 
between the DMAC and the MPU. The data bus output 
drivers 
are three-state 
devices that remain in the high impedance state 
except when the MPU performs DMAC read operations. 


Chip Seleet/Transfer Acknowledge B (CS/T x AKB) 


This line is multiplexed, 
serving both 
as an input and an 
output. 
CS/TxAKB 
is an output 
in the four-channel 
mode 
during 
the 
DMA transfer. 
At all other 
times, 
it is a high 
impedance TIL 
compatible 
input used to address the DMAC. 


The DMAC is selected when C5/TxAKB is "Low". 
VMA must 


be used in generating this input to insure that false selects will 
not occur. Transfers of data to and from the DMAC are then 
performed 
under the control of the 1/>2DMA, Read/Write, and 
Ao-A. 
address lines. In the four-channel mode when TxAKB is 
needed, 
the CS gate must have an open-collector 
output 
(a 


~ll-up 
resistor should not be used). In the two-<:hannel mode, 


CS/TxAKB is always an input. 


Address Lines (AD-A.) 
Address lines AD-A. 
are both input and output lines. In the 


MPU mode, these are high impedance inputs used to address the 
DMAC registers. In the DMA mode, 
these lines are outputs 


which are set to the contents 
of the Address Register of the 


channel being processed. 
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Interrupt 
RequestlDMA End (lRO/DEND) 
IRQ/DEND 
is a TTL compatible, 
active "Low" 
output 
that 


is used 
to interrupt 
the 
MPU and to signal the peripheral 


controller 
that 
the 
data 
block 
transfer 
has 
ended. 
If the 


Interrupt 
has been enabled, the IRQ/DEND line will go "Low" 


after the last DMA cycle of a transfer. An open collector gate 
must be connected 
to DGRNT and IRQ/DEND to prevent false 


interrupts 
from 
the 
DEND signal when 
interrupts 
are not 


enabled. Refer to the section of "DMA End Control". 


ReadlWrite (R/W) 
Read/Write is a TTL compatible line that is a high impedance 
input in the MPU mode and an output in the DMA mode. In the 
MPU mode, it is used to control 
the direction 
of data flow 


through 
the DMAC's input/output 
data bus interface. 
When 
Read/Write is "High" (MPU read cycle) and the chip is selected, 
DMAC data output 
buffers are turned on and a selected register 
is read. When it is "Low", 
the DMAC output drivers are turned 


off and the MPU writes into a selected register. 


In the DMA mode, 
Read/Write 
is -an output 
to drive the 
memory and peripheral 
controllers. 
Its state is determined by 
bit 0 of the Channel Control 
Register for the channel being 
serviced. When Read/Write is "High", the memory is read and 
the 
data 
from 
the 
memory 
is written 
into 
the 
peripheral 


controller. 
When it is "Low", 
the peripheral controller is read 


and its data stored 
in the memory. 
In the DMA mode, the 
DMAC data buffers are off. 


Reset (RES) 
The RES input provides a means of reset~ 
the DMAC from 


an external source. In the "Low" state, the RES input causes all 
registers, with the exception 
of the Address and Byte Count 
Registers, to be reset to the logic "0" 
state. This disables all 


transfer requests, masks all interrupts, 
disables the data chain 


function, 
and puts 
each Channel 
Control 
Register into the 


condition 
of memory 
write, 
Halt Steal 
transfer 
mode, 
and 
address increment. 


• 
Transfer Signals to the MPU 
Two DMA request output lines and a DMA Grant input line, 
together with the system clock, synchronize the DMAC with the 
MPUsystem. 


DMA Request Three-State Control Steal (DRaT) 
This active "Low" 
output 
requests 
a DMA transfer for a 


channel configured for the TSC Steal transfer mode. This line is 
connected 
to the system clock driver, requesting a ¢I clock 
stretch. It will remain in the "Low" state until the transfer has 
begun. 


DMA Request Halt (DRaH) 
This active "Low" 
output 
requests 
a DMA transfer for a 


channel programmed 
for the Halt Steal or Halt Burst mode 
transfer. This line is connected directly to the MPU HALT input 
and 
remains 
"Low" 
until 
the 
last 
byte 
has begun 
to be 
transferred. 


DMA Grant (DGRNT) 
This is a high impedance 
input 
to the DMAC, giving it 


control of the system busses. For the TSC Steal mode, the signal 
comes 
from 
the 
system 
clock 
drive circuit 
(OMA Grant), 


indicating that the clock is being stretched. 
For either of the 
Halt modes, 
this signal is the Bus Available from the MPU, 


indicating 
that the MPU has halted and turned control 
of its 


busses over to the DMAC. For a design involving TSC Steal and 
Halt mode transfers, this input must be the OR of the clock 
driven DMA Grant and the MPU BA. 


¢.DMA 
Transferring 
in and out of the DMAC registers, 
sampling 


of channel request lines and gating of other control 
signals to 


the system is done internally in conjunction 
with the IP. DMA 


high impedance input. This input must be the system memo- 
ry clock (non-stretched 
¢. clock). 


Transfer Request (TxRao-TxRa.) 
Each of the four channels has its own high impedance input 


request 
for transfer 
line. The peripheral 
controller 
requests a 


transfer by setting its TxRQ line "High" (a logic "I "). The lines 
are sampled according to the priority and enabling established in 
the Priority Control 
Register. In the Steal mode and the first 


byte of the Halt Burst mode, the TxRQ signals are tested on the 
positive edge of 
¢. DMA and the highest priority 
channel is 


strobed. 
Once 
strobed, 
the TxRQs are not 
tested until that 


channel's data transfer is finished. In the succeeding bytes of the 
Halt Burst mode transfer, 
the TxRQ is tested on the negative 


edge of ¢. DMA, and data is transferred on the next ¢, DMA 
cycle if TxRQ is "High". 


• 
Transfer Signals to the Peripheral Controllar 
Two encoded lines select the channel to be serviced. A strobe 
line acknowledges the request and performs the transfer. The 
DmiID line signals to the peripheral 
controller 
that the DMA 


transfer is completed. 


Transfer Acknowledge A (T x AKA) 
The Transfer Acknowledge A (TxAKA) is a TTL compatible 


output 
used in conjunction 
with the CSrrxAKB 
line to select 


the channel to be strobed for transfer and to give the DMA End 
Signal. In the two-channe1 mode, only TxAKA is used to select 
channel 0 or channel I, and CSrrxAKB is always an input. 


Chip Select/Transfer Acknowledge B (CSlTxAKB) 


In the DMA mode, this dual purpose line is encoded together 


with TxAKA to select the channel being serviced. Table 1 shows 
the encoding order. 


Table 1 El)coding Order 


CS/TxAKB 
TxAKA 
Channel # 


0 
0 
0 
0 
1 
1 


1 
0 
2 
1 
1 
3 


Transfar Strobe (TxSTB) 
The 
TxSTB causes acknowledgement 
to be given to the 
peripheral 
controller 
and 
transfers 
the data to or from the 


memory. This line is also intended to be the YMA s~iBr 
the 


system in the DMA mode. In a one-channel system, 
may 


be inverted and run to the peripheral controller's Acknowledge 
input. 
In a two or four-channel 
system, TxSTB enables the 


decode 
of 
TxAKA 
and 
CSrrxAKB 
to 
select 
the 
device 
controller to be acknowledged. 
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Interrupt 
Request/DMA 
End 
(lRO/DEND) 


In the DMA mode, this dual purpose line is "Low" for the 


last byte of transfer, indicating a DMA End. This occurs when 
the Byte Count register decrements to zero. 
This line, through the decode of TxAKA and CS{rxAKB, 
can be used to strobe a DMA End to each device controller. 


Addre •• lines 
lAo-Au) 


These output 
lines are in the high impedance state during the 
MPU mode. In the DMA mode, these lines are outputs which are 
set to the contents of the Address Register of the channel being 
processed. 


• 
THE 
DMAC 
REGISTERS 


The HD6844 (DMAC) has Address Register (ADR), 
Byte 
Count Register (BCR), Channel Control Register (CHCR), and 
General Control Register (GCR). 


General 
Control 
Register (GCR) 
is composed 
of Priority 


Control 
Register (PeR) that controls priority among the chan- 
nels, Interrupt 
Control 
Register (ICR) that controls interrupt 


and Data Chain Control Register (OCR) that controls data chain 
function. Refer to Table 2 and Figure I. 


These are Read/Write registers and MPU can exchange the 


data with DMAC when CS is at "Low" level. Ao-A. 
specifies 


the 
address of the registers. How to specify the registers is 


shown in Table 2. 
2-byte ADR and BCR can be read or written by one instruc- 


tion, using 2-byte instruction of the MPU_ 


• 
Function 
of Internel 
Registers 
ADR 
(Address 
Register) 
Each channel has 16-bit Address Register. Initial address of 


memory used for DMA transfer is programmed to this register. 
The contents 
of ADR are output 
to address bus (Ao-Au) 


during DMA transfer operation. When I-byte transfer has com- 
pleted, 
the 
16-bit address is incremented 
or decremented 
by 


one. 
The address which the MPU reads out is the renewed one, 


that is, the memory address for the next transfer. When I-block 
transfer has completed, 
final memory address +1 or -I is read 


out. 


Address 
Bus Signal 
Address 
Register 
Name 
Symbol 
Olannel 
(Hexadecimal) 
A. 
A) 
A, 
AI 
Ao 


ADRH 
0 
0 
0 
0 
0 
0 
00 
Address 
Register 
ADRl 
0 
0 
0 
0 
0 
1 
01 


Byte Count Register 
BCRH 
0 
0 
0 
0 
1 
0 
02 


BCRl 
0 
0 
0 
0 
1 
1 
03 


ADRH 
1 
0 
0 
1 
0 
0 
04 
Address 
Register 
ADRl 
1 
0 
0 
1 
0 
1 
05 


BCRH 
1 
0 
0 
1 
1 
0 
06 
Byte Count 
Register 
BCRl 
1 
0 
0 
1 
1 
1 
07 


ADRH 
2 
0 
1 
0 
0 
0 
08 
Address 
Register 
ADRl 
2 
0 
1 
0 
0 
1 
09 


BCRH 
2 
0 
1 
0 
1 
0 
OA 
Byte Count 
Register 
BCRl 
2 
0 
1 
0 
1 
1 
OB 


Address 
Register 
ADRH 
3 
0 
1 
1 
0 
0 
OC 


ADRl 
3 
0 
1 
1 
0 
1 
00 


Byte Count 
Register 
BCRH 
3 
0 
1 
1 
1 
0 
OE 


BCRl 
3 
0 
1 
1 
1 
1 
OF 


CHCR 
0 
1 
0 
0 
0 
0 
10 


CHCR 
1 
1 
0 
0 
0 
1 
11 
Olannel 
Control 
Register 
CHCR 
2 
1 
0 
0 
1 
0 
12 


CHCR 
3 
1 
0 
0 
1 
1 
13 


Priority 
Control 
Register 
PeR 
- 
1 
0 
1 
0 
0 
14 


Interrupt 
Control 
Register 
ICR 
- 
1 
0 
1 
0 
1 
15 


Dete Olein 
Control 
Register 
OCR 
- 
1 
0 
1 
1 
0 
16 


INOTE) 
1I All tho regilters con be occellOd by Reod/Write operetion. 
Unused bit of the regilter il rood out "0". 
2) 
H/L of AOR end BCR meenl tho higher IHI B bits/the 
lower (Ll 8 bits-of e 16-bit regilter. 


3) 
Being alloc.ted 
to continuous 
addr"", 
llHJit 
ADR 
and eeR 
cen be reed or written 
by onl instruction, 
using MPU'I 2~yt. 
LOAO/STOR E instruction. 


Regilter Add •••• 
e.g. LOX 
$~. 
OC 
[(AORH 3) - (Index Regilter HI) 


Addr ••• of OMAC 
IAORL 31 _ (Index Register L) 
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BCR (Byte Count Regilter) 
Each channel has a 16-bit Byte Count Register. Number of 
DMA transfer words is programmed into this register. The con- 
tent of the Byte Count Register is decremented by one everytime 
one·byte transfer has completed. When it becomes "0", 
J:>IlliIT) 
output goes "Low" level and informs I/O controller of the end 
of one-block DMA transfer. When IRQ is not masked, IRQ out· 
put goes "Low" level and MPU is interrupted 
to be informed of 
the end of DMA transfer. Moreover, rRQ and DEND signals are 
output, multiplexed with IRQ/DEND pin. 


CHCR (Chennel Control Register) 
Each channel has Channel Control Register. This register is 


used to program the control 
information 
of its corresponding 


channel. Structure ofCHCR is shown in Table 3. 
(I) 
R/W Control (specifies the direction of transfer) 
Bit - CHCR Bit 0 
This bit controls the direction ofDMA transfer. When it 


is at "I", 
R/W signal ofDMAC goes "High" level during 


DMA transfer operation. 
This means to read out memory 


and write into I/O controller, 
that is, data is transferred 


from memory to I/O controller. 


When it is at "0", R/W output 
goes "Low" 
level and 


data is transferred from I/O controller to memory. 


Bit 
Function 
No. 
Name 
ReadlWrite 
"1" 
"0" 


Transfer from memory 
Transfer from I/O 
0 
RIW 
RIW 
to I/O controller 
controller to memory 


(R!W output = "High") 
(R!W output = "Low") 


1 
Burst/Cycle Steal 
RIW 
Burst Mode 
Cycle Steal Mode" 


2 
TSC/HALT 
RIW 
TSC Mode 
HALT Mode" 


3 
Address down/up 
RIW 
Address: -1 
Address: +1 


4 
Not used 
- 
- 
- 
5 
Not used 
- 
- 
- 


6 
Busy/Ready Flag 
R 
Busy 
Ready 
(DMA Transfer Operation) 
(No DMA Transfer Operation) 


7 
DEND Flag 
R 
DMA End 8<Interrupt 
No Interrupt 


Note that during DMAtransfer operation, the function of 
R/W signal is accommodated 
to the memory Read/Write 
operation. 
Therefore, on the side of I/O device during DMA 
transfer 
operation, 
R/W input 
should 
be interpreted 
in 


inverse of the MPU Read/Write. That is, data should be out- 
put when R/W input 
is at "Low" 
level (In the case of 
MPU's read operation, 
I/O device outputs the data when it 


is at "High" level). 


This arises from that 
during DMA transfer operation, 
I/O 
side performs 
data transfer 
independently 
instead of 
MPU. Moreover, such faJl!!!y LSI as H06843 
(FDC), etc. 


has this function 
and R/W signal is automatically 
inter· 
preted inverse)y. 
(2) 
Burst/Cycle Steal Bit - CHCR Bit 1 
This bit is used to decide that 
DMA transfer 
should 
be performed 
in burst mode or cycle steal mode. When it 


is at "I ", it specifies burst mode. That is, once DMA trans- 
fer is performed, MPU remains stopped until one-block data 
transfer is completed. 


When this bit is "0", it specifies cycle steal mode. That 
is, everytime one·byte transfer has completed, MPU takes 
back the bus control, and DMA transfer and MPU operation 
are performed in time sharing. 
(NOTE) 
Only in the case of HALT mode, burst mode can 
be specified. In TSC mode, burst mode cannot 
be specified. 
(3) TSC/HALT Mode Bit - CHCR Bit 2 


This bit is used to decide that DMA transfer should be 


performed 
by using MPU's TSC function 
or HALT func· 


tion. When it is at "0", DMA transfer request signal is output 
from DRQH of DMAC. 


When it is at "I ", DMA transfer request signal is output 


from DRQT of DMAC. 


(4) 
Address down/up Bit - CHCR Bit 3 
This bit is used to decide that the address of memory 


region used for DMA transfer should be renewed up (incre. 
ment of address) or down (decrement 
of address). When it 


is at "I ", the address is decremented by one after one-byte 
transfer. When it is at "O"l the address is incremented 
by 


one. 


(5) 
Busy/Ready Flag Bit - CHCR Bit 6 
This bit is a status flag to indicate whether 
its corres. 


ponding 
channel 
is performing 
DMA transfer 
or 
not. 


(READ only) 
When it receives the first TxRQ of its corresponding 


channel, it goes to "I". 
When one-block 
transfer is com. 


pleted and BCR becomes "0", it is reset to "0". 


Also this 
flag 
is cleared when 
corresponding 
TxRQ 


Enable Bit in the PCR becomes "0". 


(6) 
DEND Flag Bit - CHCR Bit 7 
This bit is an interrupt 
flag to indicate that one-block 


DMA transfer of its corresponding channel has completed. 
(READ only). 


When one·block transfer of its corresponding 
channel is 


completed and BCR becomes "0", it goes to "I". 
As soon 


as this flag is read out, i.e. CHCR of this channel is read 
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out, it is reset to lIO". 
Moreover, this bit is connected 
to IRQ output. When it 


is at "I" 
and IRQ enable bit (within ICR register described 


later) is at "I ", IRQ output goes "Low" level. 


PeR (PrioritY Control Register) 
Priority 
Control 
Register is a 5-bit register to decide the 


operation mode of priority control circuit. Structure 
of PCR is 
shown in Table 4. 


Bit 
Read 
Function 


No. 
Name 
/Write 
"1" 
"0" 


0 
TxRO Enable #0 (TxENol 
R/W 
TxRO of Channel 0 is accepted. 
TxRO of Channel 0 is not accepted. 


1 
TxRO Enable #1 (TxEN, l 
R/W 
TxRO of Channel 1 is accepted. 
TxRO of Channel 1 is not accepted. 


2 
TxRO Enable #2 (TxEN,) 
R/W 
TxRO of Channel 2 is accepted. 
TxRO of Channel 2 is not accepted. 


3 
TxRO Enable #3 (TxEN3) 
R/W 
TxRO of Channel 3 is accepted. 
TxRO of Channel 3 is not accepted. 


4 
- 
- 
- 


5 
Not used 
- 
- 
- 
6 
- 
- 
- 


7 
Rotate Control 
R/W 
Rotate Mode 
The order of priority is fixed at 
numerical order. 


(I) 
TxRQ Enable Bit (TxENo-TxEN3) 
- PeR Bit 0-3 


Each channel has this TxRQ Enable bit. When it is at 


"I", 
TxRQ input of its corresponding channel is accepted 


to perform DMA transfer. When it goes to "0", TxRQ of its 
corresponding 
channel is masked not to be received and 


TxAK is not output. During DMA transfer operation, when 
this bit goes to "0" before BCR becomes "0", 
following 


TxRQ input 
is not 
accepted 
and DMA transfer is inter- 
rupted. Then contents of ADR and BCR remain unchanged. 
When it rises to "I" 
again, DMA transfer 
is reopened. 
Therefore, in the case of cycle steal DMA, it is possible for 
the program to change the priority of the specific channel 
temporarily by manipulating this bit. 
(2) 
Rotate Control Bit - PeR Bit 7 
When this bit is at "0", 
the order of priority 
among 


DMA channels is fIxed at numerical order. That is, Channel 
o is given a fIrst priority and then is followed by Channel 
1-+2-+3. 


When this bit is at "I ", priority control is due to rotate 


mode. That is, the channel that ended in the fIrst time is 
given a fIrst priority and the channel ended in the last time 
is controlled to be given a last priority. 


ICR (Interrupt Control Register) 
Interrupt 
Control 
Register is a 5-bit register to control IRQ 


output. Its structure is shown in Table 5. 
(I) 
IRQ Enable Bit - ICR Bit 0-3 
Each channel has IRQ Enable Bit. When this bit is at "I" 


and DEND Flag of its corresponding channel is set to "I", 
IRQ output 
goes "Low" level. But when it is at "0", IRQ 


output 
is masked not to be output even if DEND Flag is set 


to "I ". 


These bits enable to control to output only a necessary 
channel to IRQ. 
(2) 
IRQ Flag - ICR Bit 7 


This is a read-only bit and the status of IRQ output is 


directly reflected on it. That is, when IRQ output 
goes to 
"Low" level, it becomes "I". 
IRQ output 
of DMAC is output 
as logical OR of 4- 


channel DEND Flag according to the following equation. 
IRQ = (DENDo -IRQ Enableo) + (DEND 1 'IRQ 


Enable,) 
+ (DEND, 'IRQ Enable,) 
+ 
(DEND, 'IRQ Enable3) 


OCR (Data Chain Control Register) 
Data Chain Control 
Register is a 4-bit register and three of 


those bits are used to control 
data chain function. 
Remaining 
one bit is used to specify 2-channel/4-channel 
mode. 


Structure of OCR is shown in Table 6. 


(I) 
Data Chain Enable Bit - OCR Bit 0 
When this bit is at "I", 
data chain function of DMAC 


is enabled. That is, when DMA transfer of a specified chan- 
nel has completed 
and BCR goes to "0", the contents of 


ADR and BCR of Channel #3 are automatically 
transferred 


to ADR and BCR of the specified channel. 


(2) 
Data Chain Channel Bit - OCR Bit 1-2 


These 
bits are used to specify which channel 
should 


be used for the data chain. How to specify the channel is 
shown in Table 7. Data Chain Channel bit specifies the 
channel to which data should be transfered 
from Channel 


#3. Channel #3 contains the data for replacement. Channel 
#3 is fIxed and cannot be changed. 
(3) 
2/4-channel Mode Bit - OCR Bit 3 


This bit has no relation to the data chain function. 
It is used to specify whether CS/TxAKB is used for only 


input pin or I/O pin. When this bit is "0", CS/TxAKB be- 
comes CS input pin in 2-channel mode since TxAKB output 
is not necessary for application up to 2-channel. 


When this bit is "I", 
CS/TxAKB becomes I/O pin in 
4-channel mode (See Fig. II). 
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Bit 
Read 
Function 


No. 
Name 
/Write 
"0" 
"1" 


0 
IRQ Enable #0 
R/W 
fRO of Channel 0 is able to be output. 
fRO output 
of Channel 0 is masked. 


1 
I RQ Enable #1 
R/W 
IRQ of Channel 1 is able to be output. 
iRO output 
of Channel 
1 is masked. 


2 
IRQ Enable #2 
R/W 
IRQ of Channel 2 is able to be output. 
iRO output 
of Channel 2 is masked. 


3 
I RQ Enable #3 
R/W 
IRQ of Channel 3 is able to be output. 
I RQ output 
of Channel 3 is masked. 


4 
- 
- 
- 


5 
Not used 
- 
- 
- 


6 
- 
- 
- 


7 
IRQ Flag 
R 
fRO output 
"Low" 
fRO output 
"High" 
(off state) 


Bit 
Read 
Function 


No. 
Name 
/Write 
"1" 
I 
"0" 


0 
Data Chain Enable 
R/W 
Data Chain is performed. 
IData Chain is not performed. 


1 
R/W 
The channel which 
performs 
Data Chain is specified. 


2 
Data Chain Channel 
R/W 
(The channel where contents 
of ADR 
and BCR of Channel 
#3 are loaded.) 


3 
2/4-Channel 
Mode 
R/W 
4-Channel 
Mode (CS/TxAKB 
is 
2-Channel 
Mode ~TxAKB 
is 
I/O pin.) 
designated to only 
input 
pin.) 


4 


) 


- 
- 
- 


5 
- 
- 
- 
Not used 
6 
- 
- 
- 


7 
- 
- 
- 


OCR 
OCR 
Specified 
Bit 1 
Bit 2 
Channel 


0 
0 
Channel #0 


1 
0 
Channel #1 


0 
1 
Channel #2 


1 
1 
- 


or 


r------OGRNT 
: r:- (BA of MPUI 
---te<t- --- 
CS 
Input 


I 
I: 
: 3 .•tate buffer 
IL 
_ 


In CSinput mode Tl turns ON and T2 turns 0 
F. Tl functions as pull-up rasistance. 


Figure 11 
How to Use CS/TxAKB 
Pin 
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• 
Trensfer Mod. of the DMAC 
There are three DMA transfer modes such as HALT Cycle 
Steal, HALT Burst and TSC Cycle Steal. Operation 
in each 
mode is explained in the following. 
HALT Cycle St.el Mod. 
This is a basic DMA transfer mode utilizing HALT state of 
MPU. In this mode, everytime I·byte transfer has completed, 
MPU takes 
back 
the 
bus control 
and executes 
instruction 
cycle. That is, DMA transfer and MPU operation are performed 
in time sharing. 


Timing chart is shown in Fig. 12 and flow chart is shown in 
Fig. 13. Procedure 
of transfer operation is the following. (No. 


<D - 
@ in Fig. 12 correspond to the following items.) 


<D TxRQo-TxRQ3 
input 
is checked 
at the 
rising edge of 
tfl2DMA.When it is at "High"level, 
it gets into the following 
operation. 
@ DRQH="Low" 
is output 
and MPU is requested 
to stop its 
operation. 
® TxAKA is driven (Level output). 
@ MPU stops its operation and DMAC waits until DGRNT goes 
to "High" level. 


® When DGRNT goes to "High" level, DMAC drives TxAKB, 
Ao-A15 
and R/Wlines. 
® TxSTB is given to perform DMA transfer. 
<J) Address is incremented 
or decremented 
by one and number 
of transfer words is decremented by one. 


T.AKA 


T.AKB 
(oulput) 


CS(input) 


A.-Au.R/Vi 
(oulput) 
A.-A., R/IV 
(input) 


® When [)RQH rises to "High" level, MPU gets into Instruction 
Cycle again. 
@ TxRQ falls to "Low" level. 
@l Ao-A,s 
and R/W get into high impedance state again. 


@ DGRNT falls to "Low"level. 


[Note) 
TxRQo-TxRQ3 
input 
in 
HALT 
cycle 
steal 
is, in 
principle as shown in Fig. 12, set to "High" every I· 
byte transfer on account of I/O request, When TxSTB 
of the DMAC is driven, it is reset to "Low". Take care 
not to be against this principle, or the following states 
may happen. 
(I) 
In the case where TxRQ becomes "High", 
but it 
is reset to "Low" before DGRNT becomes "High". 
In this case, the DMAC is in the wait state without 
sending out 
TxSTB until 
TxRQ 
rises to "High" 


again. As DRQH remains "Low" 
the MPU is forced 
to be stopped, and the system is in dead lock state 
until TxRQ rises to "High" again (Fig. 14). 


(2) 
In the 
case where TxRQ is not 
reset to "Low" 
though TxSTB has been driven. 
In this case, unless TxRQ returns to "Low" 
by the 
time tfl:rDMArises after TxSTB has risen to "High", 
it is considered 
as a new I/O request, which leads 
the above·mentioned 
operation CD,@-. 


If TxRQ falls to "Low" immediately after that, the 
same state as (1) happens (Fig. 15). 
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Figure 14 
Extraordinary 
TxRO 
Input 
(1) 


( 
In 
the case where TxRQ 
is reset to ) 


"Low" 
before the transfer 


( 


Both 
the MPU end tha DMAC ara ) 
in the wait state until 
the 
next 
TxRQ 
input. 
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HALT 
Burst Mode 
In the case of cycle steal mode, MPU gets into Instruction 
Cycle everytime I·byte transfer has completed. But in the case 
of burst mode, MPU remains stopped until I·block transfer is 
fmished. That is, J)JUJH 
continues 
to be output 
"Low" 
level 
until BCR becomes "0" . 
Its timing chart and flow chart are shown in Fig. 16 and Fig. 
13 respectively. Procedure of transfer is the following (No. G) 
- 
® in Fig. 16 correspond to the following items). 
G) TxRQ input is checked at the rising edge of q" DMA. When 
it is at "High" level, it gest into the following operation. 
@ DRQH="Low" 
level is given and MPU is requested to stop its 
operation. 
@ TxAKA is driven. 
@ MPU stops and DMAC waits for DGRNT rising "High" level. 
® When DGRNT rises "High" level, DMAC drives TxAKB, Ao 
-A,s, 
and R/Wlines. 


® TxSTB is sent out to perform DMA transfer. 
CD Address is incremented 
or decremented 
by one and number 
of transfer words is decremented by one. 


® TxRQ falls to "Low" level. 
® When number 
of transfer words is 0, from 
® 
to 
® 
operations are performed. 


@ 
When BCR is not "0", TxRQ is checked at the falling edge 
of q" DMA.When TxRQ is at "High" level, DMA transfer is 
performed 
through 
® - ® again. When TxRQ is not at 


"High" level, DMAC waits for becoming "High" level. 


® IRQ/DEND output goes to "Low" level. 
@ DRQH output 
rises to 
"High" 
level and MPU gets into 


Instruction Cycle again. 
@ 
Ao-A" 
and R/W get into high impedance state. 
® DGRNT falls to "Low" level. 


The transfer of the first byte (G) - ®) is performed 
in the 
same way as that in HALT cycle steal mode. But in the second· 
byte and subsequent 
transfer, TxRQ is checked at the falling 
edge of q,1 DMA and if TxRQ is at "High" level, DMA transfer 
is performed 
at the following cycle. Therefore, 
a high-speed 
response (MAX. 1 byte/1 cycle) is feasible. 
In burst 
mode, TxRQ should be also, in principle, Sl't to 


"High" when I/O request is asserted, and reset to "Low" when 
TxSTB goes to "Low". 
If TxRQ is asserted as level input with- 


out being reset, DMA transfer 
is performed 
at all cycles of 
q" DMA since TxRQ is always at "High" level at the falling edge 
of q" DMA. Its example is shown in the second-byte 
and the 
third·byte transfer in Fig. 16. 


First-byte 
Second·byte Finel·byte 
iDMATOunvny 
TDMATDMA 
-j 
Deed 


TxAKA 


TxAKB 


(output) 


C S (input) 


~tTKD1 
®: 
ill 
! 
! 
I 
I 
-: 
I-tATSR@ytAO 
: ~ 
® 
i ~ 
A.-A". R/W 
(output) 
Ao-A •• R/W 
(input) 


IRQ/DEND 


I 
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I r-tDE02 
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II 
___________________________ 
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TSC Cycle Steel Mode 
In the above-mentioned 
modes, DMA is performed by using 
the HALT function of the MPU.ln TS::: cycle steal mode, DMA 
is performed by using the TSC function of the MPU. 
Its timing chart 
and flow chart are shown in Fig. 17 and 
Fig. 13 respectively. 


Basic operation 
of the DMAC is the same as that in HALT 
cycle steal mode, but the detailed timing is different. The differ- 
ence is explained in the following. 
0) DRQT is used for DMA transfer request instead of DRQH. 
(2) 
~ 
is sent 
to the 
external 
clock control 
circuit 
to 


extend clock E (q,1) of MPU. 
(3) To 
DGRNT, 
the 
external 
clock 
control 
circuit 
inputs 
response signals. 
In TSC mode, there isn't a burst mode. Because the MPU 
clock cannot 
be extended 
for a long time because MPU per- 


forms dynamic operation. 
When TSC mode is specified, DRQT 
returns to "High" and the MPU gets into the instruction 
cycle 


everytime I·byte transfer has finished. 


~HITACHI 
Hitachi America Ltd.• 
2210 O'Toole Avenue • San Jose, CA 95131 
• 
(408) 435-8300 


·PUID··'TD.AT~·'I·PU- 


A.-A", R/W 
(output) 


A.-A., 
R/W 


(input) 
> 


~tOED2 
I 
,i 


,, 


:tTKDI 
.----: 
: 
I} (J) , 


ItTkDt 
H 
'i 


,, 


tTKDI.--, 
!\: 
, 
' 
H 
hKD'-i -)----------- 
,, 


~, 
, 
;----j tATSR 


:, 
:, 
'-"-l 
: 
' 
:tATSD 
@ 
i~Qj 
~ 
:--tAHO 
, 
: 
< 


HtDED 
1 
HtDEDI 
, t._._.:J 


• 
Priority Control 
Basic priority Control 
There are two kinds of the DMAC priority control function. 


One is to mask TxRQ on each channel by TxRQ 
Enable bit 
of PCR. The other is priority-order-determining-circuit 
which 
the DMAC has as a hardware. 


Moreover, 
the 
priority- order- determining- circuit has two 
operation modes (the rotate mode and the normal mode). 


Structure 
of the priority control circuit is shown in Fig. 18. 


As shown in Fig. 18, TxRQ of the channel whose TxRQ Enable 
bit is at "I" 
level becomes an input of the priority-order-deter- 
mining-circuit. 
Then it is checked whether TxRQ is at "High" 
level or not. 


(Note) In this case, ZERO flag needs to be at "I" level. ZERO 
flag will be described later. 


If one of TxRQo-TxRQ3 
is at "High" level, its channel is 
selected, being given a first priority. 
Then it is latched by an 
executing-channel-number-Iatch-circuit 
to perform DMA trans- 
fer. Once an executing channel is determined 
and latched, it is 
unchanged until its DMA transfer has been completed. That is, 
the channel number strobe signal of DMAC doesn't go to "I" 
and the contents 
of the channel-number-Iatch-circuit 
are un- 


changed. 
In the cycle steal mode, 
the channel is fIXed until 
I-byte 
transfer has completed. 
In the burst mode, it is fIXed 
until BCR becomes "0". 
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01 
The channel which is 


1 
executing 
DMA transfer 
now becomes "1". 


2 
j 


Ail 
other lines ere 


ot "0" 101/01. 


3 
LExocutin~hennol-Numbor 


Latc~Circuit 


Therefore, 
once a long.period DMA transfer of a channel is 


performed in the burst mode, other channels need to wait until 
it has completed even if they have higher priority than the chan· 
nel. Take much care to this point in designing response time to 
TxRQ of DMA channel. 
(Note) As explained above, TxRQ input is latched internally. So 


once it is accepted and latched, the channel number cannot be 
changed even though it returns to "Low". 
But as explained in 


HALT Cycle Steal Mode, DMA transfer is not performed unless 
TxRQ rises to "High" again. 


Strobe 
timing 
of 
executing·channel.number.latch-circuit 


which allow modification 
or decision of executing channel is 


shown in Fig. 19. 


\~----------- 
LJ 


Strobe I 
Grant signal 
of executing 
channel -.1-. ------'~-- 
Strobe 
Strobe 
Strobe 
possi~e 
prohibited 
L 
possible 
{Chann.1 
cannot 
be chenged.l 
Strobe possible 
(But channel under executing 
DMAIronsfer is prohibited.l 


But, as shown in Fig. 19, only the channel under executing 


DMA transfer is prohibited 
to accept TxRQ dUring DMA trans- 


fer operation, 
in order that one more byte transfer may not be 


performed 
when the reset timing of TxRQ is delayed. Strobe 


timing in the burst mode is shown in Fig. 20. 
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MPU---j 
f--- 
MPU --- 


I 
LJ 


':=" 
1--------St-rO-be-p-r-O-hi-b-it-ed--------~, 
••---~-tr-~-=-e----- 


Strobe 
1 
Grant signal 
of executing 
channel 


Strobe possible 
(But channel under 
executing 
DMA transfer 
is prohibited.) 


RotHe Mode 
There are two operation modes in priority-order-determining 
circuit. These are Normal Mode and Rotate Mode. In the normal 
mode, the order of priority is fIXedat numerical order. (Channel 
o is given a first priority and then is followed by Channel ! -. 2 
-. 3.) In the rotate mode, the channel next to the channel with 


2. 
Order of Priority 
immediately 
after 
Chennel 
#1 hes 


performed 
DMA 
transfer 


3. 
Order of Priority 
immediately 
after 
Chennel#0 hes 
performed 
DMA 
transfer 


which DMA was executed 
in the last sequence, is given a first 
priority 
and the channel 
in the last sequence 
is given a last 
priority_ But immediately 
after it gets into the reset state, the 
order of priority is the following: Channel 0 -. ! -. 2 -. 3. 


An example of the rotate mode is shown in Fig. 21. 


#0 
#1 
#2 
#3 


1 
-2 
-3 
-4 


DMA 
transfer 


[ 3 
-4 
~1 
-2J 
These numerals 
show the 
order of 
~ 
priority. 


DMA transfer 


[ 4 
~ 1 
-2 
-3J 


Next, Fig. 22 shows an example of the difference between 
the operation in the rotate mode and that in the normal mode. 
In this example, TxRQ of all channels is always at "High" level. 


Moreover, 
BCR=2 and TxEN=! 
are assumed. 
As a transfer 


mode, HALT cycle steal mode is used. 
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Figure 22 Difference between the operation in the rotate 


mode and that in the normal mode 


The reason why the order of priority is not #0 ---#0 ---#1 


--- #1 --- --- 
in the normal mode is that during DMA transfer 


operation, 
TxRQ 
of an executing channel is prohibited 
from 


being accepted. 


DMA Operation Timing with priority control 
When more than 2 channels perform DMA transfer in paral· 


lei, 
the 
abovementioned 
priority-order.determining-circuit 
is 
used to determine the priority. The channel with lower priority 
waits 
until 
the 
channel 
with 
higher 
priority 
completes 
the 
transfer. Then it gets into DMA transfer operation. In this case, 
The following combinations of transfer modes are conceivable. 
(I) 
From HALT mode to HALT mode (Fig. 23) 


(2) 
From TSC mode to TSC mode (Fig. 24) 


(3) 
From HALT mode to TSC mode} 
(F" 
25) 


(4) 
From TSC mode to HALT mode 
19. 


In changing from HALT mode 
to HALT mode, only one 
dead cycle is intervened. That is, even in the cycle steal mode, 
DMA transfer of the next channel is performed without return- 
ing the bus control to the MPU (DRQH remains "Low"). 
In changing from TSC mode to TSC mode, DMA transfer 


of the next channel is performed, after returning the bus control 
to MPU for one cycle. 


In the case of HALT ---HALT, it doesn't return the bus con- 


trol to MPU in order not to increase the response time of DMA 
transfer and dead cycles of the system. 


On the other hand, in the case of TSC ---TSC mode, same 


mean cannot be applicable because MPU clock cannot remain 
stopped for a long time as in the case of HALT mode. 


Both in the case of HALT ---TSC mode and in the case of 


TSC --- HALT mode, DMA operation 
timing is based on the 


same idea as the above two kinds of mode change. (In detail, 
see Fig. 25). 
The timing in the case where the next byte is transfered with- 


out changing the channel is shown in Fig. 26. This is the case of 
HALT --- HALT mode. In this case, the bus control returns to 
MPU, before the next byte is transfered. In the case of TSC --- 
TSC mode, its timing is almost the same as than in Fig. 24, that 
is, after 
I·byte 
transfer 
has completed, 
MPU executes 
the 


Instruction Cycle for one clock and then DMAC executes I-byte 
transfer again. 
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Figure 26 
Successive 2-byte 
Transfer 
of One Channel (HALT 
Cycle Steal Model 


HALT 
-+ HALT 
(by one channel) 
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• 
StatUI 
FllllI 
DMAC has BUSY Flag, DEND Flag and ZERO Flag on each 


channel. 
The former 
two of these flags can be read out by 
MPU, but ZERO Flag cannot be read out. Set and reset timing 
of each flag are shown in Fig. 27. 


BUSY/READY 
Flag 


This flag is set to "I" 
when it accepts the first-byte TxRQ 
of its corresponding 
channel. After 
I-block transfer has com- 


pleted 
and BCR becomes 
"0", 
it is reset to "0". 
Therefore, 
while this flag is "I", 
that is, its corresponding channel is being 
used, the next block transfer cannot be performed. 


Also this flag is cleared when corresponding 
TxRQ Enable 
Bit ir, the PCR becomes "0". 
DEND 
FllllI 
This is the interrupt 
flag to indicate the end of DMA trans- 


fer of its corresponding channel. After I-block transfer has com- 
pleted and BCR becomes "0", this flag is set to "I". 
This flag is 
reset to "0" 
immediately 
after the Channel Control 
Register 
having this flag is read out. 


ZERO 
FllllI 
This is the internal flag to indicate whether the data stored in 


the BCR is "0" or not (It cannot be read out). 


~~ 
\ 


MPU R: 
__ 
BC_R 
~~~ 
_ 


O<CR 
C HCR that 
has tho flog 
is read out. 


When BCR is "0", ZERO Flag is "0". When BCR is not "0", 


it is "I". 
In the reset state, this flag is "0". If data that is not "0" is 
written 
into BCR, this flag is set to "I". 
When BCR becomes 


"0" 
after 
I-block data transfer has completed, or MPU writes 
"0" into BCR, this flag is reset to "0". 
The function 
of ZERO Flag is to prohibit accepting TxRQ 


of its corresponding channel while this flag is "0" (that is, BCR 
is "0") 
(See Fig. 18). While ZERO Flag is "0", 
TxRQ is not 


accepted 
even if TxEN is "I". 
This function 
avoids an false 


operation even if "High" input is provided to TxRQ before the 
initialization of the register. 


When RES pin goes to "Low", this flag becomes "0", but the 
number in BCR is not reset to "0". Therefore, the state of this 
flag and BCR are not the same. In this case new data should be 
written into BCR (Then ZERO Flag becomes "I"). 


• 
DMA 
End Control 
Function 
of IROIDEND 
Pin 


pMAC 
has 
IRQ 
output 
and 
DEND 
output 
to perform 
DMA End Control. 
These are multiplexed 
outputs 
to IRQ/ 


DENDpin. 
The function of DEND output 
is to inform I/O controller of 


the end of I-block 
transfer. 
After 
I-block 
transfer has been 


completed 
and BCR becomes 
"0", 
DEND output 
provides 


"Low" pulse whose cycle is one clock, being synchronous with 
the final I-byte data transfer. 4 channels have only one UE1ilD 
output 
in common, so each channel determines whether DEN!) 
output 
is its own output 
or not, combining with TxAK signal. 


When TxAK of the channel is "High" and DEND is "Low", 
it shows that the cycle is the last one of DMA (See Fig. 29 and 
30). 


The function of IRQ output is to inform MPU of the end of 


I-block transfer by interrupting 
it. As shown in Fig. 28, IRQ 
output 
is logical AND-OR of the interrupt 
flag (DEND Flag) 


and IRQ Enable bit of each channel. 


IRQ and DEND outputs are multiplexed. 
IRQ/DEND pin is 


used as DEND output 
during DMAC cycle and IRQ output 


during MPU cycle. Moreover, DGRNT signal separates DENI> 
and IRQ by its "High" or "Low". 
In detail, see Fig. 29 and 


Fig. 30. 
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Channel 
Number 


#/') 
DENO 


# I 


Unusual 
DMA 
End 


Following 
section 
describes 
how 
to terminate 
or change 


normal sequence of DMA transfer. 
(I) 
When "0" is written into BCR 
When "0" 
is written 
into 
BCR before 
it becomes 
"0", 
subsequent TxRQ are not accepted and this causes the ter· 
mination 
of the DMA transfer 
since the internal 
ZERO 


Flag is reset to "0". In this case, note that DEND pulse is 
not provided. 


(2) When "I" is written into BCR 
When "I", 
instead of "0", 
is written 
into BCR, only the 


next TxRQ is accepted 
and I·byte DMA transfer is per· 


formed. In this case, DEND pulse is provided, being syn- 
chronous with the last transfer. 


(3) When another value is written into ADR & BCR during the 


transfer 
When the data in ADR & BCR are changed dUring the trans- 
fer, the following transfer is performed 
according to the 


change of the data. 
(4) When "0" is written into TxRQ Enable bit 


When TxEN is reset to "0" during the transfer, this causes 
TxRQ comes not to be accepted and the transfer halts. But 
the state is different from that in the case (1), the number 
in BCR remains unchanged. Therefore, when TxEN is set to 
"I" 
again, the transfer is performed again. 
(5) 
When RES pin is set to "Low" 
When 
RES is provided 
during the transfer, 
the transfer 


stops-. 
Then all of the control registers and their internal flags are 
reset to "0". But the data in ADR & BCR are not reset. 


(Supplement) 
It is only in the cycle steal mode that DMAC registers such as 


BCR and ADR can be read or written during the transfer. In the 
burst mode, it is usually impossible (But special external circuits 
enable it). 


• 
Data Chain Function 
The data chain function of DMAC is to transfer the contents 


of ADR & BCR of Channel #3 to ADR & BCR of a specified 
channel 
automatically 
and renew the data of them after the 


channel has completed 
I-block transfer. 


OCR specifies 
the channel to 
which the contents 
of Channel #3 are 
transfered. 


Channel 
#3 has address 


and number of transfer 
words for the renewal. 


Its detailed timing is shown in Fig. 32 and Fig. 33. As shown 


in these figures the contents 
of ADR & BCR of Channel #3 


are transfered to the channel during the clock cycle next to the 
last one of I·block transfer (which provides DEND pulse). Then 
DRQH or DRQT provides "Low" 
output 
for one more clock 


cycle than in the normal case. Therefofe, MPU takes back the 
bus control again l-clock later than in the normal case, that is, 
after 
the data renewal of the specified channel 
by the data 


chain from Channel #3. 


In the TSC mode, the stretching period of clockl/ll is longer 


than in the normal case. 


The contents 
of ADR & BCR of Channel #3 
remain un- 
changed as long as new data are not written by MPU, even if 
the data chain is executed. 


As for DEND output, DEND Flag and BUSY Flag in the case 


of data chain execution, they function in the same way as in the 
normal case. They provide DEI\II) pulse everytime I-block trans· 
fer has completed, 
and then DEND Flag is set to "I". 
There· 


fore, in the case where more than 3-block data chain is needed, 
DEND Flag is used for the execution. 
Its sequence is shown in 


Fig. 34. First, DEND Flag="I" 
that shows the end of the first· 


block data chain is read out. Next, the data of ADR & BCR for 
the third·block data chain need to be written into Channel #3, 
in parallel with the execution 
of the second·block data chain. 


(This data chain is feasible only in the cycle steal mode.) 
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T.Al<8 
(outpul) 
IT 
(input) 


AI-A,s, 
R/W 


(output) 


Ao-~. 
R/ii 


(input) 


Cycle under the execution 
of 
Data Chain 


f--- DMA 
I 
., 
!-- MPU-- 


A.-AI5.R/W 
(....•..•) 


Ao-A., R/W 
(..•....) 


iAQ/DEND 


Tha contents 
of ADR & BCR 
of Channel 
#3 are transfered 
to Channel cr. 


Figure 32 
Data Chain Operation 
(HALT 
Mode) 


Cycle under the execution 
of 
Data Chain 
f-- DMA~I-'--- 


The contents 
of ADR & BCR of 
Chennel 
#3 are transfered 
to Channel a. 
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Channel #3 


ADA) 
Write Signal 
BCA 


Read Signal 
of CHCA of the 
Specified 
Channel 


The data of ADA & BCA 
for the third 
block 
are written. 


Preparation of a channel for a DMA transfer requires: 


1) 
Load the starting address into the Address Register. 
2) 
Load the number of bytes into the Byte Count Register. 


3) 
Program 
the Channel Control 
Register for the transfer 


characteristics: 
direction (bit 0), mode (bits I and 2), and 


the address update (bit 3). 
The 
channel 
is now configured. 
To enable 
the 
transfer 


request, set the appropriate enable bit (bits 0-3) 
of the Priority 


Control Register, as well as the Rotate Control bit. 


If an interrupt 
on DMA End is desired, the enable bit (bits 


0-3) 
of the Interrupt Control Register must be set. 


If data 
chaining 
for the 
channel 
is necessary, 
it is pro- 


grammed into 
the Data Chain Register and the 
appropriate 


data must be written into the Address and Byte Count Registers 
for channel #3. 


Register 
Address 
Register Content 


(Hex) 
Bit 7 
Bit6 
Bit 5 
Sit4 
Bit3 
Bit 2 
Bit 1 
Bit 0 


Channel 
Ix" 
DMA End 
Busy/Aeady 
Not Used 
Not Used 
Address 
TSC/ 
Bunt/ 
ReadlWrite 
Control 
Flag 
Flag 
Up/Down 
Halt 
Steal 
(A/W) 


(DEND) 


Priority 
14 
Aotate 
Not Used 
Not Used 
Not Used 
TxAQ 
TxAQ 
TxAQ 
TxAQ 
Control 
Control 
Enable #3 
Enable #2 
Enab:. #1 
Enable #0 


(TxEN3) 
(TxEN2) 
(TxEN1) 
(TxENO) 


Interrupt 
15 
IAQ 
Not Used 
Not Used 
Not Used 
IAQ 
IAQ 
IAQ 
IAQ 
Control 
Flag 
Enable #3 
Enable #2 
Enable #1 
Enabla #0 


(IE3) 
(IE2) 
(lEI) 
(IEOI 


Data Chain 
16 
Not Used 
Not Used 
Not Used 
Not Used 
Two/Four 
Data Chain 
Data Chain 
Datil Chain 


Channel 
Channel 
etlannel 
Enabla 


Selaet (2/4) 
Select B 
Select A 


A comparison 
of the response times and maximum transfer 
rates is shown in Table 9. The data are shown for a system 
clock rate of 1 MHz. 
The two 8·bit bytes that form the registers in Table 10 are 


placed in consecutive memory locations, making it very easy to 
use the MPU index register in programming them. 


Fig. 
38 shows an example 
of its mIDlffium structure 
(I 


channel, HALT mode, combination 
with FDC). Fig. 39 shows 


an example of its maximum structure. 
(but only one DMAC is 


used.) 
. 
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Mode 
Maximum 
Transfer 
Response Time (j.tsec) 


Speed (j.tsec/byte) 
maximum 
minimum 


HALT 
Cycle Steal 
(executing 
time of 
(executing 
time 
one instruction) 
+ 3 
of one instruction) 
3.5+ tTOSl 


HALT 
first 
byte 
1 
+3.5 - tTOHl 


Burst 
since second 
2 - tTOH2 
1 + tTOS2 
byte 


TSC Cycle Steal 
4 
3.5 - tTOHl 
2.5 + tTOHl 


DEND. 
TxAK. 


TxAKA 


~/TxAK 


DEND, 


TxAK. 


Register 
Channel 
Address 


(Hex) 


Address High 
0 
0 
Address Low 
0 
1 


Byte Count 
High 
0 
2 
Byte Count 
Low 
0 
3 


Address High 
1 
4 
Address Low 
1 
5 
Byte Count 
High 
1 
6 
Byte Count 
Low 
1 
7 


Address High 
2 
8 
Address Low 
2 
9 
Byte Count 
High 
2 
A 
Byte Count 
Low 
2 
B 


Address High 
3 
C 
Address Low 
3 
0 
Byte Count 
High 
3 
E 
Byte Count 
Low 
3 
F 


TxAK 


TxAK 


TxAK 


TxAK 
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Addr••• 
Bu. 
(18) 


Ao-Au 


Do-o. 
H06800 
HIV 
(MPU) 
3.31<11 
~ 
R/W 
IRQ 
•• 
VMA 


IIA 
HALT 


_.MPU 


~tMPU 


ftTTL 
HD28501 
(CPO) 
.. 
! 
DGRHT 
DRQH 
5 


Ao-,,- 


As-Au 


Do-o. 


_844 
(OMAC) 
T;$Ti 


T._ 


R/W 


RES 
CS/T.AI<II 
Vo<; 


Vas 
o.coder 


hOMA 


II II 
Do-o. 
HM68'O 


cs. Ao-Ao 


R/W(RAM) 


HM8810 


(RAM) 


r-- 


I 


IRQ 


o.cod.r 
R/W 
-=D- 
CS 
HD8843 
E 
(FllC) 


Do-o. 


T.N< 


T.RQ 


i'-- 
Jl 
If 
f--- 


Ftoppy Disk 
0 rrv. 


I---- 
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~ 
R~IIII'RQ 
Ao-AI5 
~MEM 


~ 
I 
00-0. 
DB 
H06800 
(MPU) 
AS 
R/W 
'-- 
f--~ 
~MEM 
-~, 
VMA 


~ 


=l..>- '-- 
HM68,0 
- 
_. 
IRQ 
'-- 


TSC 
SA 
HALT 
I 
I 
~ 
READY 


REFRESH REQ 


REF GRHT 
- AMPU 
_MEM 
>-- >-- 
- 
ftMPU 
MRDY 
>-- 


RRQ 
>-- 


H026501 
(CPG) 
RGRHT 
>-- 


DGRHT - 
-{> 1. 
>-- lJ 
DRQ 
c=J 
I 


~ 
~ 


r 
c 


DGRHT 
DRQH 
~ 
c=J 


.:! 


A.-A. 
t=x 
- 
DRQT 
As-Au 
I. 


-.I 


00-0. 


---{>o --l 
- 
;t..J 
DMAENll 


IRQlOEN) 
- 
TxAK 


R/W 
I/O 
H068"" 
--{>o 
- 
(DMAC) 
T.STB 
CS 
DEVICE 
HOT•• ," 
C= 
-- 
DB 
CXlNTlIOLLER 


T.AKA 
_ 
C 
)T.AK 
T.RQ 


RES 
:~ 


1..J"E 
#2 


vcc 
J!~PIDo~O' 


vss 
CS/T.AK8 
0 


CS 
~ 
T_RQ-TxAQI 


R/W 
"-- f- f-- 


~DMA, 
>-- ~ 


• Open 
Collector 


H088 ••3 
(Foe) 
otc. 
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(1 ADR on each channel) 


16 bit x 4 


(l BCR on each channel) 


16bitx4 


Transfer 
Direction 


Transfer 
Mode 


Address 
up/down 


B/R 


DEND 


]~".o,., 


-1 
+1 


Busy 
I 
Reedy 


DMA 
END I NOT END 
J Stetus flag 


#0 


TxRQ 
#1 
Eneble 
#2 
Enablel 
Mask 


#3 


Specify Rotate 
Rotate I Fixed 


#0 


IRQ 
#1 
Enable 
#2 


#3 


IRQ Flag 


7 
0 


~4/~DE 
. 
SpecIfy 
Data Chain 


] 
Speci fy Da •• 
Chain Channel 


- 
Specify 
4/2-<:hannel 
4-<:hannel mode I 2-<:hannel mode 


--'m"'o::;de::::.... 
__ 
-'- 
_ 


o 
0 
#3 
#0 
o 
1 
#3 
- 
#1 
10 
#3-#2 
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HD6345--------- 
CRTC- II (CRT Controller) 


The 
H06345/H06445 
CRTC-II 
provides 
an 
interface 
be- 
tween 
MPU 
and 
a raster 
scan 
CRT 
display. 
Both 
are 
upward- 
compatible 
with 
the 
NMOS 
CRTC 
H06845S 
in pin 
and 
soft- 
ware. 
The 
power 
dissipation 
is lowered 
by adopting 
the CMOS 
process. 


The 
H06345/H06445 
offers 
a variety 
of functions 
under 


MPU 
control, 
such 
as programmable 
timing 
signal 
outputs 
for 
CRT 
monitor 
and 
display 
screen 
control 
operation. 
It can 
be 
widely 
applied 
to the various 
types 
of CRT 
display 
systems. 


• 
FEATURES 
HD6345 
PIN AND SOFTWARE 
COMPATIBLE 
WITH 


HD6845S 
HD6445 
SOFTWARE 
COMPATIBLE 
WITH 
6845S 


FLEXIBLE 
SCREEN 
FORMAT 
• 
Programmable 
numbers 
of characters 
per screen 
and 
rasters 
per character 
row 
• 
Programmable 
horizontal/vertical 
sync 
signals 
and 
display 
timing 
signals 


• 
Up to 16k words 
refresh 
memory 
(14 bits) addressable 


• 
Programmable 
raster 
scanning 
modes: 
non-interlace, 
inter- 
lace sync, or interlace 
sync and video 
modes 


• 
Up to 256 character 
rows per field 


• 
High-speed 
display 
operation 
at 4.5 MHz character 
clock 


• 
Double-size 
vertical 
display 
by raster 
interpolation 


VERSATILE 
DISPLAY 
FUNCTIONS 
• 
Screen 
split 
(maxA 
screens 
configurable, 
horizontally) 
• 
Paging and scrolling 
for each screen 
• 
Smooth 
scrolling 


• 
Two cursors 
with 
programmable 
width 
• 
Programmable 
refresh 
memory 
width 


FACILITATED 
SYSTEM 
CONFIGURATION 


• 
68 system 
bus interface 
(HD6345) 


• 
80 system 
bus interface 
(HD6445) 


• 
Three-state 
control 
of memory 
address 
and 
raster 
address 


• 
External 
synchronization 
in master-slave 
or TV 
sync 
modes 


• 
Interrupt 
request 
by 
vertical 
blanking 
or 
light 
pen 
strode 


detection 


• 
Programmable 
timing 
signal for dual-port 
RAM in DRAM mode 


Type 
No. 
Bus Timing 
CRT Display 
Timing 


HD6345 
1.0 
MHz 


HD63A45 
1.5 MHz 


HD63B45 
2.0 
MHz 
4.5 
MHz Max. 


HD6445-4 
4.0 
MHz 


Vss 
1 


RES 
:2 


lPSTBjTSC' 
J 


MAo 
.• 


MA, 


MA, 


MA, 


MA. 


MA, 


MA, 


MAl 
11 


MA, 


MA. 


MAIO 
,.- 


MAil 
15 
MAn 


MAl] 


DISPTMG 


IAQ+/CUOISP/ACI" 


Vo< 


VSYNC/EXVSYNC' 


HSYNC/EXHSYNC' 


AAo 


AA, 


AA, 


AA, 


AA. 
Do 
0, 


0, 


D. 
0, 


0, 


0, 
es 


AS 
E*, RD· 


WR 
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r---------------------------------------------l 
I 
I 
I 


I 
SCREEN CONTROL 
LIGHT 
PEN CONTROL 
I 
A16. A17, R28 


I 
I 
I 


CURSOR 
CONTROL 


AlD. Rll, 
R14. A15. R34 


A35, A36. A37. R38. R39 


HSYNCI 
EXHSYNC 
VSYNC/ 
EXVSYNC 


INTERNAL 
DATA 
BUS 
t 
t 
---------------------li 


DATA 100-0,) 
Vcc Vss 


LIGHT 
PEN 
CONTROL 
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Item 
Descriptions 
Remarks 


Horizontal 
scanning 
cycle 
Programmable 
by char. 
clock 
time 


Vertical 
scanning 
cycle 
(by row) 
Programmable 
by char. 
row time 


Vertical 
scanning 
cycle 
(Adjust) 
Programmable 
by raster 
time 


Number 
of displayed 
chars. 
/ row 
Number 
of char. 
rows / screen 
Programmable 
Number 
of rasters 
/ char. 
row 
Screen 
Format 
Horizontal 
display 
position 
Enabled 
by programming 
sync signal output 
timings 


Vertical 
display 
position 
Vertical 
sync position 
(Adjust) 
Programmable 
by raster 
time 


HSYNC 
pulse width 
VSYNC 
pulse width 
DISPTMG 
skew 
1 or 2 character 
skew 


Screen 
Split 
4 split-screens 
start 
positions 
programmable 
Discretely 
programmable 
(Unit: 
row) 
2/3/4 
screens 
format 
selectable 


Cursor 
display 
position 
Two 
14-bit 
Cursor 
registers 


1 or 2 cursors 
displayed 
Cursor 
height 
Display 
start/end 
rasters 
programmable 
within 
a row 


Cursor 
Control 
Cursor 
width 
Programmable 
by char. 
clock 
time 


Cursor 
bl ink 
1/16 or 1/32 
field rate selectable 


Simultaneous 
output 
of 2 cursors 
Discretely 
programmable 
(Only 
1 available 
in DPRAM 
mode) 
Cursor 
display 
mode 
OR/EaR 
mode 
selectable 


CUDISP 
skew 
1 or 2 character 
skew 


Raster 
Non-interlace 
mode 
Either 
one of three 
modes 
selectable 


Scanning 
Mode 
Interlace 
sync mode 
Interlace 
sync and video 
mode 


Memory 
Format 
Memory 
width 
set 
Memory 
width 
programmable 
wider 
than 
display 


width 
(Unit: 
char.1 


Smooth 
Display 
start 
raster 
address 
set 
Programmable 
by char. 
clock 
time 


Scrolling 
Target 
screen 
set 
Any screen 
selectable 


Raster 
Double-size 
vertical 
display 
Same 
raster 
address 
supplied 
twice 
Interpolation 
Vertical 
scanning 
cycle 
doubled 


External 
Synchronization 
with 
external 
sync signals 
Superimposed 
display 
enhabled 
on other 
CRT or 


Synchronization 
TV screens 


Interrupt 
Interrupt 
request 
signal caused 
by vertical 
blank- 


Request 
ing period 
or light pen input 
(Disabled 
in 
Interrupt 
request 
mode 
programmable 


DPRAM 
model 


Light Pen 
14-bit 
Iight pen register 
Light pen raster 
address 
detected 
Light pen raster 
register 


Refresh 
14-bit 
refresh 
memory 
address 
output 


Memory 
Four 
14-bit 
screen 
start 
regs. 
Up to 16k words 
refresh 
memory 
accessible 


Addressing 
(Display 
start 
address 
programmable 
for each 
Paging and scrolling 
enabled 
for each screen 
screen) 


Three-State 
Three-state 
control 
on MA and RA 
Control 
Controlled 
by TSC pin input 


Programmable 
Programmable 
timing 
signal supplied 
from 
access 
In DPRAM 
mode 
Timing 
Output 
inhibit 
pin 
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Pin No. 
Symbol 
Pin Name 
Input/ 
Functions 
Output 


1 
Vss 
Vss 
- 
Ground (GND) pin 


Performs external reset on CRTC-II 
RES assertion causes CRTC-II: 
(1) Clear all the internal counters 
(2) Set all the output signals at low 


2 
RES 
Reset 
Input 
(Do-D7 are excluded) 
(3) Clear registers R30 (Control 1), R31 (Control 2/ 


Status). and R32 (Control 3) 
(Other registers are not affected at all) 


RES is valid only while lPSTB is low 


lPSTB 
Light Pen Strobe 
Input 
Informs light pen strobe pulse detection 


3" 


TSC 
Three State 
Input 
Performs three-state control on memory and raster 


Control 
address 


4-17 
MAo-MA'3 
Memory Address 
Output 
Supplies memory address for periodical memory refresh 
0-13 


1B 
DISPTMG 
Display Timing 
Output 
Indicates a screen display period 


CUDISP 
Cursor Display 
Output 
Displays cursor on a screen 
Enabled during DISPTMG is high 


19" 
ACI 
Access Inhibit 
Output 
Supplies DPRAM access inhibit timing (programmable) 


IRQ 
Interrupt Request 
Output 
Indicates interrup\ request to MPU 
Enabled during DISPTMG is low 


20 
Vcc 
Vcc 
- 
Power supply (+ 5V) pin 


21 
ClK 
Character Clock 
Input 
Receives character clock timing 


22 
WR 
Write 
Input 
Inputs write signal from MPU 


23 
E 
Enable (HD6345) 
Input 
Enables register read/write 
strobe signals from MPU 


RD 
Read (HD6445) 
Input 
Inputs read signal from MPU 


Selects either of address register or other registers 


24 
RS 
Register Select 
Input 
Address reg. selected when at low, and others at high 
Normally, requested to connect to "Ao" of MPU address 
bus 


Performs addressing on CRTC-II 


25 
CS 
Chip Select 
Input 
MPU read/write 
upon CRTC-II registers enabled when 


CS is low 


26-33 
Do-D7 
Data Bus 0-7 
Input/ 
Bidrectional bus for data transfer between MPU and CRTC-II 
Output 


34-38 
RAo-RA4 
Raster Address 
Output 
Supplies 
rater 
address 
for 
selecting 
raster 
on 
character 


0-4 
generator 


HSYNC 
Horizontal Sync 
Output 
Supplies horizontal sync signal 


39" 


EXHSYNC 
External 
Input 
Receives external horizontal sync signal 
Horizontal Sync 


VSYNC 
Vertical Sync 
Output 
Supplies vertical sync signal 


40" 


EXVSYNC 
External 
Input 
Receives external vertical sync signal 
Vertical Sync 


$HITACHI 


Hitachi America Ltd. 
• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 • (408) 435-8300 


Register Address 
Reg. 
Program 
Data Bit 


Cs 
No. 
RegisterName 
Unit 
Symbol 
A/W 
AS 
S 
4 
3 
2 , 0 
7 
6 
S 
4 
3 
2 
, 
0 
, 
X 
X 
X 
X 
X 
X 
X 
- 
- 
- 
- 
- 


0 
0 
X 
X 
X 
X 
X 
X 
AA 
Address Register 
- 
- 
W 


0 , 
0 
0 
0 
0 
0 
0 
AO 
Horizontal 
Total Characters 
Character 
Nht 
W 


0 , 
0 
0 
0 
0 
0 , 


A' 
Horizontal 
Displayed 
Characters 
Character 
Nhd 
W 


0 , 
0 
0 
0 
0 , 0 
A2 
Horizontal 
Sync Position 
Character 
Nhsp 
W 


0 , 
0 
0 
0 
0 
I , 
A3 
Sync Width 
Nvsw. 
W 
Wv, 
Wv, 
Wv, 
Wv, 
Wh, 
Wh, 
Wh, 
Wh, 
Nhsw 


0 , 
0 
0 
0 , 0 
0 
A4 
Vertical 
Total 
Rows 
Row 
Nvt 
W 


0 , 
0 
0 
0 , 0 , 
AS 
Vertical 
Total 
Adjust 
Raster 
NadJ 
W 


0 , 
0 
0 
0 , , 0 
A6 
Vertical 
Displayed Rows 
Row 
Nvd 
W 


0 , 
o 
0 
0 , , , 
A7 
Vertical 
Sync Position 
Row 
Nvsp 
W 


0 , 
0 
0 , 
0 o 
0 
A8 
Interlace Mode and Skew 
- 
- 
W 
C, 
C, 
0, 
0, 
V 
S 


0 , 
0 
0 , 
0 
0 , 
A9 
Maximum 
Raster Address 
Raster 
N' 
W 


0 
, 
0 
0 , 0 
t 
0 
A,O 
Cu rsor 1 Start 
Raster 
Nes, 
W 
8, 
P, 


0 , 
0 
0 , 0 , 
I 
A'I 
Cursor 1 End 
Raster 
Nee, 
W 


0 , 
0 
0 , , 0 
0 
A,2 
Screen 1 Start Address (H) 
Memory 
- 
A/W 
, 
Address 
0 , 
0 
0 , , 0 
I 
A,3 
Screen 1 Start Addpess (L) 
JYIemory 
- 
A/W 
Address 
0 , 
0 
0 , , , 0 
A,4 
Cursor 1 Address (H) 
,!"emory 
A/W 
;~''';'' 
Address 


0 , 
0 
0 
I , , 
1 
AIS 
Cursor 1 Address (Ll 
,,!,emory 
- 
A/W 
Address 


0 , 
0 
1 
0 
0 
0 
0 
AI6 
Light 
Pen 
(HI 
- 
- 
A 


" 


0 , 
0 , 
0 
o 
0 , 
A,7 
Light 
Pen 
(Ll 
- 
- 
A 


0 , 
0 
1 
0 
0 , 0 
A'8 
Screen 2 Start Position 
Row 
- 
A/W 


0 , 
0 , 0 
0 , , 
A,g 
Screen 2 Start Address IH) 
Memory 
- 
A/W .. 
". 
Address 


0 , 
0 , 0 
1 
0 
0 
A20 
Screen 2 Start Address (L) 
~emory 
- 
A/W 
Address 
0 , 
0 , 0 
1 
0 , 
A21 
Screen 3 Start Position 
Row 
- 
A/W 


0 
I 
0 , 0 , , 0 
A22 
Screen 3 Start Address (H) 
Memory 
- 
A/W 
~-.' .." 
Address 


0 
1 
0 , 0 , 
1 , 
A23 
Screen 3 Start Address (L) 
Memory 
- 
A/W 
Address 


0 
1 
0 i 
I 
0 
0 
0 
A24 
Screen 4 Start Position 
Row 
- 
A/W 


0 
1 
0 , , 
0 
0 , 
A2S 
Screen 4 Start Address (HI 
Memory 
- 
A/W 
::'1 
Address 
0 
1 
0 , , 0 , 0 
A26 
Screen 4 Start Address ILl 
Memory 
- 
A/W 
Address 
0 , 
0 , , 0 
t , 
A27 
Vertical 
Sync Position Adjust 
Raster 
Nvad 
W 
.., , 


0 
1 
0 , , , 0 
0 
A28 
Light Pen Raster 
- 
- 
A 
DP 
. 


0 , 
0 , , 
1 0 
1 
A29 
Smooth Scrolling 
Raster 
N" 
A/W 


0 
1 
0 , , 
1 
1 0 
A30 
Control 1 
- 
- 
W 
VE 
VS 
18 
IL 
SY 
TV 
SP, 
SP, 


Control 2 
W 
SS. 
SS, 
SS, 
SS, 
AI bli!I:;', 
?! 
0 
1 
0 , , , , , 


A3, 


Status 
- 
- 
A 
AI 
E 
S8 
SL 


0 , , 0 
0 
0 
0 
0 
A32 
Control 3 
- 
- 
W 
CM 
C, 
CW, 
CW, 
MW 
TC 
DA~ 


0 
I 
, 
0 
0 
0 
0 , 
A33 
Memory 
Width Offset 
Character 
Nof 
A/W 


0 , , 0 
0 
0 , 0 
A34 
Cursor 2 Start 
Raster 
Nesl 
W 


uP', 
0 , , 0 
0 
0 
I , 
A3S 
Cursor 2 End 
Raster 
Neel 
W 


0 , 
1 
0 
0 , 0 
0 
A36 
Cursor 2 Address (H) 
Memory 
- 
A/W 
Address 


0 , , 0 
0 , 0 
I 
A37 
Cursor 2 Address (L) 
Memory 
- 
A/W 
Address 


0 , , 0 
0 , , 0 
A38 
Cursor 1 Width 
Character 
New, 
A/W 


0 , , 0 
0 
1 , , 
A39 
Cursor 2 Width 
Character 
Newl 
A/W 


Notes 
1) 
-: 
Vertical: 
raster I Horizontal: 
character 


21 .: 
"0" is to be set, since these bits may be used in the future. 
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PROCRAMMABLE 
SCREEN FORMAT 
Figure 
I illustrates 
the screen 
format 
example, 
in non- 


interlace mode, when programming CRTC-II registers as listed 
in Table I. Figure 2 shows the relation between memory address 
(MAo-MA,,), raster address (RAo-RA,) and the location on the 
CRT screen. 
The timing charts of CRT interface signals are shown in 
Figure 3, and those details are partially shown in Figure 4 and 5. 


Horizontal 
Total Characters (Nht+l1 


J Horizontal 
Displayed Characters ~Nhd) 


{' 
ABC 


\ 


} Character 
Row 


f-f-f-I----------.,Horizontal 
Retrace 
Period 
(Non- 
Display) 


Vertical 
Retrace Period 


-(Non·Display) 


C Vertical Total Adjust (Nadjl 


Raster 
Address 


AOWN~ 
\ 
\ /.1 Cha; '\ 


°C{ 
2U 


a 
1 
Nhd-l 
N 
N. 


I 
I 
I 
I 
I 


a 
1 
N~ 
1 
N~ 
N. 


N~ 
N...,+l 
2N~ 
1 
2N~ 
N",,+N~, 


t 
: 
-- 
: 
t - 
• 
, 
N~ 
Ntwl+l 
2Nhd-1 
2N~ 
NI'Ml+N", 
2N~ 
2Nl+1 
3N1' 
3N~ 
2NhdfNh' 
t 
-- 
t 
-- 
, 
2N~ 
2Nhd+l 
3N 
-1 
3N~ 
2N"",+N". 


I 
I 
I 
I 
I 


IN",,-lJ·NhclIN 
•• '1.""'+' 
N...,·Nhd 
1 
N",,·NI>cl 
(N",-11· ••••••.•.N,. 


~ 
: 
-- 
: 
t - 
: 
, IN 
-1 ·N 
1"1 •• -'.,"1..•.•.1 
N""·N,,..-l 
N¥d'N"" 
(1\I•••-'I·N 
••.•.N 


N...,·NIMl 
N""·N,,,,+l 
(N•• +l1N",-1 
(N""+l)N",, 
N"",·N""+N,,, 


: 
• 
• 
-- 
t 
• 
-- 
t 
N""·N •••• 
N",,· 
N"" + 1 
CN",+'JH",,-l 
(N""+lIN",, 
N•••·N""'+N'" 


I 
I 
j 
I 
I 


NYI·N"" 
N..,·Nhd+l 
CN.,,+llN ••• , 
(N",+1}NM 
N,.,·Nhd+N", 


: 
t 
: 
-- 
• 
• 
-- 
: 
, 
N ••.·N"" 
N••.·Nhd+l 
IN,,""1N..,-1 
(N•• +l}N"" 
N",·N",,+N,. 
IN",+1)·N"" 
(H.,,+lli.... 
+' 
1H.,,+2' •••• -1 
IN••+21·N"" 
IN..o+ 1"""+1'4 •• 


1 
t 
-- 
• 
• 
-- 
t 
(N",+l)·N"" 
IN••+II·~+I 
(1'4•• +211'4•••-1 
(N..,+21·N/>6 
N 
"N... 
N 


Register 
Register Name 
Programmed 
No. 
Values 


RO 
Horizontal 
Total Characters 
Nht 


Rl 
Horizontal 
Displayed 
Nhd 


Characters 


R2 
Horizontal 
Sync Position 
Nhsp 


R3 
Sync Width 
Nvsw, Nhsw 


R4 
Vertical Total Rows 
Nvt 


R5 
Vertical Total Adjust 
Nadi 


R6 
Vertical 
Displayed Rows 
Nvd 


R7 
Vertical Sync Position 
Nvsp 


R9 
Max. Raster Address 
Nr 


R12 
Screen 1 Start Address (H) 
0 


R13 
Screen 1 Start Address (L) 
0 


R30 
Control 
1 
0 


R31 
Control 2 I Status 
0 


R32 
Control 3 
0 


Valid 
memory 
addresses [0 thru 
fNvd-l) 
or 0 thru 
(Nhd-l)] 
are shown within 
the 
thick-line 
square. 
Memory addressesare provided even during horizontal 
and vertical 
retrace period. 
This is an example in the case where the programmed value of start 
address register is O. 
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~ o I 
2 
N••••-l 
N"" 
~ 
~ 
__L 


~Horizontal 
Display 
Nhd.Tc~ 
~ 
I 
: 


OISPTMG 
I 
f+-----1HorizontalRetrace: 
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..., 
I 
I 
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:_ 
N_- 
Te 
I 
N•••••.· Te ---------1 
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H5YNC 
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I 
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I 
I 


M"-M~ 
~~~~~~ 
====~:=~============ 
=~ 
__=== ====-_-_-_-_-~~_~::=~ 


AAo-RA"'4'l 
0 
" 
I' 
Raster Cycle 
Tr 
-I 
: 
...1 


I 
, 
tJl.n.IL 
m1Jl. 
.J1JlJ1.. 
JUUl. __--------.JlJ1.f1Jl.---------Jl1lIU1---- 
I 
I 
: 
~: 
N ••• +I 
~N"'+l 


____ 
~-~-_--~~-----_------ 
J 
~~ 
N", I 
N~~~ 
N... 
N•••_+~2.._ 
MAo-M~ 
..Ll. _~ 
.L.l._.l...L.l--l-l-A~~~~~. 
~ 
...l...l..._ 
_ 
_ 
i 
I 


~mmn 
__ 
~ 
• 
N~, 


RAo-AA4., 
" 
~ 
-----A 
Nr 
+ 
I 


~Tr 
_I 
'-M.".fQflerAddrllss 


~OU%ber' 
I 
: 
I 
I 
,- 
Row Cycle 
TI 
.1 


I 
' 
I 
--J 


I 
I 
~--------- 
1. 
I 
I 
, 


~~:ber I 
0 I 
1 I 
2 
I N. I 
I N_ I 
I 
I '-- 
Vertical 
! 
'-- 
Venical 
Sync 


I. 
Vertical Display 
Nvd' TI 
I ~ 
D'lP1.yed 
ROW: 
POlit<Qn 


O<SPTMG 
~ :JIULJlJU[JlI1IC==__===----------------------------===~~~----------------~==@)~(;::';i:.";; ~ 
T •• 


I. 
N_·TI 
----------------_ 
•• , 
, 


--------------- 
~II 
------ 


~ 
HOrlzonll1 
Oilpl.yMt 
ChI.'KIt1' 
/ 
r 
HOrizontal 
Svne POlltlon 


N ••••• 
N....,+1 


---r---t- 
T ••• 


Frame Cycle TFRM ------------------~I 
__I 
I N. i : 0 I, 
I 
'-t--+ 
VertiCllI 
Total 


I 
I 
Rows 


.<--' 
(: nJLll.n.-~.nnLJlJlIC= 


'--/BISee 
Fig. 5) 


Horizontal Timing 


Raster Cycle Tr 


= INh,+11·Tc 


Row Cycle Timing 


Row Cycle TI 


= INr+l)·Tr 


Vertical Timing 


TFRM : Frame Cycle 


TFRM 
= INv, + l)·TI 
+ Tadj 
Tadj: Adjustment Period of 
Frame Cycle 


Tadj = Nadj • Tr 


Tvsw: Vertical Sync PulseWidth 


Tvsw = Nvsw·Tr 


, 
l-,,,, 


RAo-AA.: 
0 
,, 


Ro •••.Number 
1 
,, 


DISPTMG il.rLJ"L.rl=.-_-_-_-_-:.~-.:__-.:__-_-.ILn~ 
_ 


Figure 
4 
Vertical 
Display 
/ Retrace 
Timing 
(A detail 
drawing 
of Fig. 3 A) 


,'. 
I 
I 
I,, 


RAo-RA,,: 
0 I 
1 I 2 
,, 


Row 
Number ! 
NV't 


I,,, 


OI$PTMG 
, 
I 


Verl,c,1 Retlace 
• I •, 
I--- Fr,mt 
Cycle 
AdI"'Slment 
T,m"'lg 
__ 


I 
T.ctj'" NadIT. 
I 


I ". I 
0 I ' I 
I""",i 
0 I ' I 2 
, 
I 


~ 


Figure 
5 
Frame 
Cycle Adjustment 
Timing 
(A detail 
drawing 
of Fig.3 B) 


SCREEN 
SPLIT 


A display 
screen 
can be divided 
into 
up to four 
parts 
in the 
horizontal 
direction. 
Divided 
four 
parts 
are 
defined 
as split- 


screen 
I, split-screen 
2, split-screen 
3, and 
split-screen 
4. 
Split- 


screen 
are controlled 
by using 
bits 
SPo and 
SP, 
of the 
control 


I register 
(R30) 
and 
screen 
start 
position 
registers 
(RIB, 
R21, 
R24). 


Starting 
positions 
of each 
split-screen 
are determined 
in the 


number 
of character 
row. 
Split-screen 
1 is the base screen, 
and 


always 
starts 
at row 0, while 
the 
other 
three 
split-screens 
start 


at any 
row 
except 
row O. Paging 
or scrolling 
(by 
character) 
is 
performed 
in each split-screen 
independently. 
The following 
is the example 
of screen 
split: 


Programmed Value of Screen 2 Start Position Register'" 
1 


Programmed 
Value 
of Screen 
3 Start 
Position 
Register'" 
3 


Programmed Value of Screen 4 Start Position Register'" 
7 


Figure 
6-A 
Screen 
Split 
(Example 
1) 


When the same value is programmed 
into more than one screen 


start position 
registers, 
split-screens 
corresponding 
to these 
regis- 


ters are not 
displayed. 


Programmed Value of Screen 2 Start Position Register 


:z Programmed 
Value 
of Screen 
3 Start 
Position 
Register 


Programmed 
Value 
of Screen 
4 Start 
Position 
Register 
z: 6 


Row 
Number 
Display 
Screen 
o 
Split-Screen 
1 
1 
2 
3 
4 
5 
Split-Screen 
4 
6 
7 
Split-Screen 
2 


8 


Programmed 
Value 
of Screen 
2 Start 
Position 
Register:z 
6 


Programmed 
Value 
of Screen 
3 Start 
Position 
Register 
~8 


Programmed 
Vatue 
of Screen 
4 Start 
Position 
Register· 
4 
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\ 


Horizontal 
Display Period 


Row Number 
'-1-C-h--------------------, 
I 
\ 
0 r 
ar "'\ 


oC 
, {~ 


N,o 


0 
1 
. 
Nhd·1 
Nhd - 
Nht 
•. 
f 
- 
0 
, 
•. 
Nhd·1 
Nhd - 
Nht 


Nhd 
Nhd+' 
. 
2Nhd·1 
2Nhd - 
Nhd+Nht 


Ns2 
Ns2+1 
.. 
Ns2+Nhd 
Ns2+Nht 
+1 


I 
I 


Ns4 
Ns4+1 
Ns4+Nhd 
, 


Ns4+Nhd 
Ns4+Nhd 
Ns4+ 


+1 
Nhd+Nht 


~ 


Ns4+(Nvt 
-Nvd+11 
·Nhd 
Ns4+ 


r Ns4+(Nvt 
...- 
(Nvt- 
-Nvd+21 
·Nh 
·Nhd 


N~{~ 
-, 
, 


"'0 N~{~, 
.Q&. 
Nr 


"u~ 
" 
a: 
~ 
'5 
> 


Ns2: 
Start Address 
of Split·Screen2 


Ns4: 
Start Address 
of Split-Screen4 


CURSOR 
CONTROL 


The HD6345/HD6445 
can display two separate cursors (cur- 


sor I. cursor 2) simultaneously on the screen. These two cursors 
are controlled independently. The cursor I is always valid, while 
the cursor 2 becomes valid by setting the C, bit of the control 3 
register (R32). In the DPRAM mode, the cursor 2 cannot be 
displayed. 
The HD6345/HD6445 
controls cursors as follows: 


I) 
Starting Position 
Starting 
position 
is controlled 
by using the cursor 
1 


address registers (RI4, 
R15), and the cursor 2 address 
registers (R36, R37). 
2) 
Cursor Heights 
The heights of the cursor 
I and the cursor 2 can be 


specified independently 
in units of rasters by using the 


cursor start registers (RIO, R34), and the cursor end 
registers (RII, 
R35). 


Display Screen 


HITACHI 
Cursor 2 


--Cursor 
1 
CRTC-II 


3) 
Cursor Widths 
The widths of the cursor 1 and the cursor 2 can be speci- 
fied independently 
in units of characters by using the 
cursor width registers (R38, R39), and bits CW, and CW, 
of the control 
3 register (R32). 
If the cursor width 


extends over the following row, the cursor in the follow· 
ing row is not displayed. 


4) 
Cursor Blink 
Cursor display, non·display, and blink rate can be con· 
trolled by using bits B, and P, of the cursor I start 
register (RiO), and bits B, and P, of the cursor 2 start 
register (R34). 
5) 
Cursor Display Mode 
When the cursor I and the cursor 2 are overlapped on the 
screen, cursor display mode in the overlapped area can 
be specified by the CM bit of the control 3 register (R32), 
as shown in Figure 9. 
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RASTER 
SCANNING 
MODE 
The 
HD6345/HD6445 
performs 
a character 
display 
in three 
types 
of raster 
scanning 
modes: 
non-interlace 
mode, 
interlace 


sync mode, 
and interlace 
sync and video mode. 
The bits V and S of 
the interlace 
mode 
and skew register 
(R8) control 
these 
modes. 


The 
period 
that 
the 
raster 
scans 
across 
a screen 
and returns 


to the 
top 
of the 
raster 
line 
is designated 
as 'one 
field' .. In the 
non-interlace 
mode, 
one field 
configures 
a single 
frame 
(Figure 
10). In the interlace 
sync mode 
and the interlace 
sync and video 
mode, 
a single 
frame 
period 
is shared 
between 
two 
alternating, 


even and odd, 
fields (Figure 
10). 


In 
the 
interlace 
sync 
mode, 
the 
scanning 
lines 
in the 
odd 
field 
are 
placed 
downward 
by 
1/2 
raster 
line space 
from 
those 
in the 
even 
field 
because 
of the 
difference 
in HSYNC/VSYNC 
phases 
between 
two alternating 
fields. 
In the 
interlace 
sync 
and video 
mode, 
the placement 
of the 


scanning 
lines 
is the 
same 
as in the 
interlace 
sync 
mode. 
How- 
ever, 
the 
alternating 
even 
and odd 
raster 
lines are displayed 
in 
the 
alternating 
even 
and 
odd 
fields. 
For 
a given 
number 
of 
rasters 
per character, 
this 
mode 
allows 
twice 
as many 
characters 


to be displayed 
in the vertical 
direction 
as the non-interlace 
and 
the interlace 
sync 
modes. 
Note 
that 
the 
raster 
address 
is suppli- 
ed in the 
different 
way 
according 
to the total 
number 
of rasters 
in a row, even or odd, 
as shown 
in Table 
2. 


Table 
2 
Start 
Raster 
Address 
for Each 
Row 


(In interlace 
sync and video 
mode) 


Total 
Number 
of Rasters 
in a Row 


Even Char. 
Row· 


Odd Char. 
Row· 


Even address 


Odd address 
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Odd address 


Odd address 


Even address 
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Interlace Sync Mode 


--- ----- 
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2 
------- 
-3 
4 ••• 
- 5 
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6 
- ------- 
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A ---------- 
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A ---------- 
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-- ----- 
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- --- -- -- 
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Interlace Sync and Video Mode 
(even rasters per row) 
Interlace Sync and Video Mode 


lodd rasters per rowl 
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(2) 
Interlace Sync and Video Mode (raster per row = Nr + 2 = even) 
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(3) 
Interlace Sync and Video Mode (raster per row = Nr + 2 = odd) 
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MEMORY WIDTH 
SETTING 
The offset value which is the difference between the display 
screen width and the display memory width in the horizontal 
direction can be specified in units of characters. (See Fig. 13) 
Scrolling in any direction can be accomplished 
in units of 
characters, 
by setting the display memory 
width (horizontal 
direction) 
and the offset value, and by changing the start ad· 
dresses of split·screens 1-4. 
This is performed by the memory 
width offset 
register (R33) and the MW bit of the control 
3 
register (R32). 
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SMOOTH 
SCROLLING 


Smooth scrolling in the vertical direction can be accomplish- 


ed by changing the start raster address in a character row. Whe- 
ther 
scrolling in each split-screen is available or not can be 


selected. 
Selected split-screens scroll in the same way up to 
four split-screens simultaneously. 


Smooth scrolling is performed by bits SS, -SS4 
of the con- 


trol 2 register (R3), 
and the smooth scrolling register (R29). 


Smooth scrolling can be used in the non-interlace mode and 
the interlace sync mode, but not in the interlace sync and video 
mode. 
• 
• 
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Figure 18 Smooth Scrolling in the Split-Screens 
(Split-screen 2 is scrolling.) 


RASTER 
INTERPOLATION 


In raster interpolation, 
the 
raster address is incremented 


every two rasters, thus the displayed image is doubled in the 
vertical direction. 
The vertical scanning cycle is also doubled. 


Raster interpolation 
is performed by the RI bit of the control 2 


H 


register (R31). This function can be used in the non-interlace 
mode and the interlace sync mode, but not in the interlace sync 
and video mode. 
Figure 19 is an example of display with raster interpolation. 
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EXTERNAL 
SYNCHRONIZATION 


External synchronization 
(EX sync) has master-slave mode 
and TV sync mode. The EX sync mode is controlled by bits VE, 
VS, and TV of the control I register (R30). 
Master-slave 
mode is used to synchronize 
slave CRTC-II's 


with a master CRTC-II by VSYNC of a master CRTC-II. When 
superimposing 
a master screen with slave screens on the same 


CRT, clocks of a master and slave CRTC-II's 
can operate in 


different frequency on conditions shown below. 


(I) 
Phase of master 
CRTC-II 
clock 
matches 
with slave 
CRTC-II clock at rising edge of VSYNC. 


(2)Both master and slave CRTC-II's 
have the same horizon- 


tal/vertical 
scanning cycle. 


In the interlace sync mode and interlace sync and video mode, 


the control I register must be set as to provide VSYNC output in 
odd fields of master CRTC-II. 
Figure 21 illustrates the system configuration. 


TV sync mode is used to synchronize the CRTC-II with the 


HSYNC and VSYNC signals of a TV's video signal. 


In the 
TV sync mode, VSYNC/EXVSYNC and HSYNC/ 


EXHSYNC pins function as input pins. The length of horizont- 
al back porch is specified by the bits 0-3 
of the sync width 


register (R3) and determines the display position in the hori- 
zontal direction. 


In the interlace sync and video mode. the TV sync mode can- 
not be used. 


In the TV sync mode, when performing 
slave CRTC raster 


interpolation, 
interlace sync mode or interlace sync and video 


mode must not be set in a master CRTC; otherwise the screen to 
move up and down by one raster. 


Figure 22 illustrates the system configuration. 
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INTERRUPT 
REQUEST 
An interrupt 
request 
signal 
to the 
MPU is output 
in the tim- 
ing shown 
in Figure 
23. An interrupt 
request 
is generated 
by the 
vertical 
blanking 
period, 
or the light pen input. 


Reading 
the 
status 
register 
(R31) 
clears 
an interrupt 
request 


signal_ Thus, 
ifMPU 
does not 
read the status 
register 
(R31) 
when 


the 
interrupt 
request 
is generated, 
an interrupt 
request 
signal is 


output 
during 
the horizontal 
and vertical 
retrace 
period. 


In the 
DPRAM 
mode, 
an interrupt 
request 
signal 
is not 
out- 


put. 


This 
function 
is controlled 
by using 
bits 
18 and 
lL of 
the 
control 
I register 
(R30). 


Display Period 
~ 
Retrace Period 


1_____T -----'-I~ 
DISPTMG-------~U~--------~ 


: 
II 
I 
II 


I 
I, 
I,, 
I 
I 
- 
----'tL 


When an interrupt 
request 


occurs 
during 
the 
display 


period "T". an interrupt 
request signal is output 
during the blanking period. 
An interrupt 
request signal 


is cleared by reading the status 


register 
(R31 l. 
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THREE-STATE 
CONTROL 
OF MA/RA 


Memory address (MA) and raster address (RA) outputs can 
be three-stated, 
using the TSC input pin. Three-state contra! is 
enabled by setting the TC bit of the contra! 3 register (R32). 


By using this function, multiplexer (MPX) which selects ad- 
dress lines from MPU and CRTC-II for refresh memory is not 
needed. 


DPRAM MODE 


When the DPRAM mode is selected, the HD6345/HD6445 
generates a programmable 
timing signal from the access inhibit 


pin. This signal, shown in Figure 25 as access inhibit period. 
provides the timing for the MPU to access to dual-port memory. 


In the DPRAM mode, an interrupt 
request signa! is not out- 
put, and the cursor 2 is not displayed. 


This timing signal is available by using the DR bit of the 
control 3 register (R32), and the cursor 2 width register (R39). 


~------ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
=l 
t=~~=~~ 
(__ X_X __ X~~'%.,'~~t= 
,----, 
I 
' 
I 
I 
I 
I 
: 
I 
: 
: 


DIsplay 
Perlod 
, 
I 
I 
: 
, 
I 
r-: Cursor' 
I 


~, 
I,' 
L 
FAccess 
Inhibit Period ~ 
I 
(A) 
I~---~-- 


: 
: The Programmed Value of: 
: 
I 
I the Cursor 2 Width Register (R39) 
I 
I 
!. 
I 
.1 
I 
I 
I 
:: 


: 
I 
I 
I 


I 
I 
I 
I 
:: 
:: 
I 
I 
I 
I 


~, 
Char.I 
I 
~, 
Char' 
, 
(B) 1--------------- 
I 
(B) L-- 


• 
HITACHI 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 


• 
INTERNAL 
REGISTERS 
HD6345/HD6445 
has one address register (AR) and forty 
data registers (RO - R39). One register out of 40 data registers is 
selected by writing the address number of the register into the 
address register. Then the MPU can transfer data to or from the 
selected data register. 
Write 0 to unused data bits (appear as r=J in the register 


table), since these bits are reserved for the future extensions. 


Register Address 


This register specifies the address number of the data register 


to be accessed. When both 
RS and CS are at low level, this 
register is selected. Programming the data from 40 to 63 pro- 
duces no result. 


5 
4 
3 


Nht (No. of Char. -11 


This register determines the horizontal 
scanning cycle. The 
programmed 
value is the total number of displayed and non- 
displayed characters per raster, minus one. 
In the interlace 
sync mode, the programmed 
value, Nht, 


must be odd. 


HORIZONTAL 
DISPLAYED 
CHARACTERS 
REGISTER 
(R1) 


RIW 


1 


Nhd (Displayed 
Characters) 


This register specifies the number of displayed characters per 
row. Any number less than the total number of characters can 
be programmed into this register. 


Nhsp (Horizontal 
Sync Positiol1 - 
1) 


This register is used to program horizontal sync position as a 
multiple of the character clock time. The programmed value is 
the character number of horizontal sync position, minuts one. 
Any number equal to or less than the horizontal total charac· 
ters 
register value (RO) can be programmed. 
When the pro- 
grammed value of this register is increased, the display position 
on the screen is shifted to the left. When the programmed value 
is decreased, the display position is shifted to the right. Thus 
the optimum horizontal position can be determined. 


This register determines the widths of both horizontal sync 
pulse and vertical sync pulse. The horizontal sync pulse width is 
programmed 
from 1-to-15 character 
clock times in the low- 


order four bits. Zero cannot be programmed. The vertical sync 


pulse width is programmed 
from 1·to·16 raster times in the 


high-order four bits, When 0 is programmed in the high·order 
four bits, a vertical sync pulse width is 16 raster times (16H). 


HSW 


Pulse Width 
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This register determines the vertical scanning cycle. The pro- 
grammed value is the total number of character rows in a field, 
minus one. 
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This 
register 
determines 
the 
number 
of additional 
rasters 
to 
adjust 
total 
number 
of rasters 
in a field. 
The 
optimum 
number 
from 
0-to-31 
can 
be 
programmed. 
Thus 
fine 
adjustment 
of 


vertical 
scanning 
cycle 
is performed. 


This register 
specifies 
the number 
of displayed 
character 
rows 


in each 
field. 
Any 
number 
less than 
the total 
number 
of charac· 


ter rows can be programmed 
into 
this register. 


This 
register 
is used 
to program 
vertical 
sync position 
on the 


screen 
as a multiple 
of the character 
row time. 
The programmed 


value 
is the 
character 
number 
of vertical 
sync 
position. 
minus 


one. 
Any 
number 
equal 
to 
or less than 
the vertical 
total 
rows 


register 
value 
(R4) 
can 
be programmed. 
When 
the 
programmed 


value 
of this 
register 
is increased, 
the 
display 
position 
is shifted 
up. 
When 
the 
programmed 
value 
is decreased, 
the 
display 
posi· 


tion 
is shifted 
down. 
Thus 
the optimum 
vertical 
position 
can be 


determined. 


C, 
C. 
D. 


This 
register 
selects 
the 
raster 
scanning 
mode 
and 
controls 


the skew (delay) 
of CUDISP 
and DlSPTMG 
outputs. 


• 
Raster 
Scanning 
Mode 
(V, SI 
The low·order 
two bits select 
the raster 
scanning 
mode. 


Raster 
Scanning 
Mode 


Non·interlace 
mode 


Interlace 
sync mode 


Non·interlace 
mode 


Interlace 
sync and video 
mode 


• 
Skew(C"Co,D"Do) 
The 
bits 
D, /Do 
and 
C,/Co 
specify 
the 
skew 
of DlSPTMG 
and 
CUDISP 
outputs, 
respectively. 
Skew 
control 
makes 
these 


output 
timings 
match 
with 
the 
serial 
video 
signals 
by delaying 
these 
outputs 
as programmed, 
in order 
to assure the access time 
to refresh 
memory 
and character 
generator. 


D, 
Do 
DISPTMG 


0 
0 
No skew 


0 
1 
One character 
skew 


1 
0 
Two character 
skew 


1 
1 
Not available 


C, 
Co 
CUDISP 


0 
0 
No skew 
0 
1 
One character 
skew 
1 
a 
Two character 
skew 
1 
1 
Not available 


[ 
~_ 
.._ .._.. 


CUDISP 
r----1 
One Character Skew 


Skew 
1L... 
nu 
•• 


[ 


_N_o_s_k_e_w_~l 
One Character ~~_~~.u.~ 


DISPTMG 
r: 
r-----1 


_s_k_ew 
~r_·O~~characterSkew L 


Nr 
This 
register 
determines 
the 
number 
of rasters 
per character 


row. 
When n means 
the number 
of rasters, 
the programmed 
value 
is as follows: 
non-interlace 
mode, 
interlace 
sync mode: 
n .. I 


interlace 
sync and video 
mode 
; n - 2 


(l) 
Non-Interlace 
mode 


Raster 


Address 


j =-_==-_= 
} "0. 


(2) 
Interlace 
sync mode 
Raster 


Address 
0----- 
------------ 
1------ 
._----------- 
2----- 
------------- 
3----- 
._----------- 
4----- 


---- 
: e..•.en field 
: odd field 


Number 
of rasters 
: 5 


Programmed value : Nr;. 
4 


In the 
interlace 
sync 
mode, 
a half number 
of rasters 
per row 
minus 
one should 
be programmed. 


(3) 
(nterlace 
sync and video 
mode 


Raster 


Address0------ 
2------------- 
1} 
Row 
----------- 
3 
4------ 


: even field 
: odd field 


Number of rasters 
: 5 


Programmedvalue 
Nr;. 3 


In the interlace 
sync 
and video 
mode, 
the sum of rasters 
per 
row minus 
two should 
be programmed. 
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B, 
P, 
Ncs, (Raster Address) 


This 
register 
determines 
the 
start 
raster 
address 
and selects 
the cursor 
blink 
mode 
for the cursor 
I. The low-order 
five bits 
detennines 
the 
start 
raster 
address. 
Bits 
Bland 
PI 
select 
the 


cursor 
blink 
mode. 


B1 
P, 
o 
0 
o 
1 


1 
0 
1 
1 


No blink 
No cursor 


Blink, 
1/16 field rate 


Blink, 
1/32 field rate 


This 
register 
determines 
the end raster 
address 
for the cursor- 
\. 


SCREEN 
1 START 
ADDRESS 
REGISTER 
(H, U (R12, R13) 
(R12) 


Memory Address IL) 


These 
registers 
determine 
the 
start 
memory 
address 
for the 
split-screen 
I display. 
Paging 
or scrolling 
is enabled 
by renewing 
these 
registers. 
The high-order 
two 
bits 
of RI2 
are always 
read 
as as. 


CURSOR 
1 ADDRESS 
REGISTER 
(H, U (R14, R15) 
(R14) 


These 
registers 
determine 
the 
cursor 
I display 
memory 
ad- 
dress. 
The high-order 
two bits of RI4 
are always 
read as as. 


LIGHT 
PEN REGISTER 
(H, U (R16, R17) 
(R16) 


5 
4 


Memory Address (L) 


These 
registers 
store 
the 
light 
pen 
detection 
address. 
The 


high-order 
two bits of RI6 
are always 
read as as. 


Note 
that 
the stored 
address 
will be different 
from 
the actual 
address 
due to the following 
delays: 
address 
output 
delay, 
video 


signal 
output 
delay, 
light 
pen 
detection 
to 
LPSTB 
delay, 
and 
LPSTB 
to internal 
recognition 
delay. 
The relations 
between 
the 
LPSTB 
input 
and 
the memory 
address, 
raster 
address 
are shown 


in Figures 
32, 33 in electrical 
characteristics. 


This 
register 
determines 
the 
start 
row 
of the split-screen 
2. 


The programmed 
value 
is the start 
row number 
minus 
one. 


If 
the 
split-screen 
3 (or 
4) 
start 
position 
register 
(R2l 
(or 


R24)) 
has 
already 
been 
programmed 
with 
the 
identical 
data, 


both 
of the split-screens 
2 and 3 (or 4) will be disabled. 


SCREEN 2 START 
ADDRESS 
REGISTER 
(H, U (19, R20) 


(R19) 


Data Bit 
Program Unit 
RNI 


7 T6T51413121 
., 
1 0 
Memory 


Memory Address IL) 
Address 
RNI 


These 
registers 
determine 
the 
start 
memory 
address 
for the 


split-screen 
2 display. 
Paging 
or scrolling 
is enabled 
by renewing 


these 
registers. 
The high-order 
two 
bits of RI9 
are always 
read 


as as. 


This 
register 
determines 
the 
start 
row 
of the 
split-screen 
3. 


The programmed 
value 
is the start 
row number 
minus 
one. 


If 
the 
split-screen 
2 (or 
4) 
start 
position 
register 
(R18 
(or 


R24)) 
has already 
been 
programmed 
with 
the 
identical 
data, 


both 
of the split-screens 
3 and 2 (or 4) will be disabled_ 
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SCREEN 3 START ADDRESS REGISTER 
(H, L) (R22, R23) 


(R22) 


Data 
Bit 
Program Unit 
RfW 


71615\413121110 
Memory 
RfW 
Memory Address (L) 
Address 


These registers determine the start memory address for the 
split-screen 3 display. Paging or scrolling is enabled by renewing 
these registers. The high-order two bits of R22 are always read 
as Os. 


This register determines the start row of the split-screen 4. 
The programmed value is the start row number minus one. 
If the split-screen 2 (or 3) start position register (RIB (or 


R21» 
has already been programmed with the identical data, 


both of the split-screens 4 and 2 (or 3) will be disabled. 


SCREEN 
4 START 
ADDRESS 
REGISTER 
(H, L) (R25, R261 


(R25) 


Program 
Unit 


Memory 
Address 


o 
Memory 
Memory Address (U 
Address 


These registers determine 
the start memory address for the 
split-screen 4 display. Paging or scrolling is enabled by renewing 
these registers. The high-order two bits of R25 are always read 
as Os. 


Vertical 
Sync Posi tion 
( 


Fine Adjustment 


This register performs a fine adjustment on the vertical sync 


signal output in units of rasters. The VSYNC signal is supplied 
after the delay of Nvad rasters. Nvad is equal to or less than the 
maximum raster address register value (R9). 


This register is enabled when "SY (bit 3) = I" is set into the 
control 
I register (R30). If an adjustment is not required, the 
SY bit or this register (R27) is requested to be set as O. 


This register stores the light pen detection raster address and 
the detection 
period. The raster address is detected and stored 
into this register when the LPSTB input is asserted. The DP(bit 7) 
indicates the period in which the light pen strobe is detected. 
"DP = I" is stored when the LPSTB is asserted during the dis- 
play period, and "DP = 0" is stored when it occurs during the 
blanking period. 


This register determines the start raster address within a row. 


By renewing this register, smooth scrolling is provided for the 
screen specified by the bits SS, - SS. of the control 2 register. 
The programmable number is equal to or less than the maximum 
raster address register value (R9). 


This register is valid only in the non-interlace mode and the 


interlace sync mode. 


7 
0 


VE 
SP, 
SPa 


This register controls 
the following by the corresponding 
bits. A device reset clears all bits of this register. 


VE, VS, TV 
External synchronization 
control 


lB, IL 
Interrupt control 


SY 
Vertical sync position adjust control 
SP" SPa 
Screen split control 
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• 
External 
Synchronization 
Control 
(VE, VS, TV) 


(I) 
Operation 
mode 
alteration 


Function 


EXVSYNCIVSYNC 
corresponds 
to VSYNC 
output 
EXVSYNCIVSYNC 
corresponds 
to EXVSYNC 
input 


Activated 


Keeps low 


Function 


EXHSYNC/HSYNC 
corresponds 
to HSYNC 
output 


Sync 
width 
register 
(R3) defines 
the 
HSYNC 
pulse 
width 
EXHSYNC/HSYNC 
corresponds 
to EXHSYNC 
input 


Sync width 
register 
(R3) defines 
the horizontal 
back 


porch 
period 


(2) 
EXVSYNC 
and VSYNC 
control 


<VE 
= 1 > 


VS 
TV 
EXVSYNC 


0 
0 
Signal supplied 
to EXVSYNC 
is ignored 


0 
1 
EXVSYNCIVSYNC 
corresponds 
to EXVSYNC 
1 
0 
input 
and synchronized 
with 
the external 
signal 
1 
1 


VSYNC 


VS 
Non-Interlace 
Interlace 
Sync 
I Interlace 
Sync 
and Video' 


0 
VSYNC 
signal supplied 
- 
VSYNC 
signal 
VSYNC 
signal supplied 
only 
in 
1 
supplied 
odd field scanning 


TV 
VE 
VS 
Function 


0 
0 
0 
Set as master 
CRTC 
in master-slave 
mode' 


0 
0 
1 
Set as master 
CRTC 
in master-slave 
mode, 
in 
interlace 
sync mode 
or interlace 
sync and video 
mode, upon synchronization 


0 
1 
0 
Set as slave CRTC 
in master-slave 
mode 


0 
1 
1 
Set as slave CRTC 
in master-slave 
mode, 
upon 


synchronization 


1 
0 
0 
Program 
inhibited 


1 
0 
1 
Program 
inhibited 


1 
1 
0 
Set as slave CRTC 
in TV sync 
mode" 


1 
1 
1 
Set as slave CRTC 
in TV sync 
mode, 
upon 


synchronization'" 
* 


Note)· 
"000" 
is to be set also when not performing 
the external 


synchronization. 


In TV sync mode, OISPTMG 
is supplied after the back porch 


period. 


Control 
1Register 
IB 
IL 
o 
0 
o 
1 
1 
0 


1 
1 


Not supplied 


Supplied 
by light pen strobe 


Supplied 
by vertical 
blanking 


Supplied 
by light pen strobe 


or vertical 
blanking 


The IRQ signal is supplied from the IRQ pin while the DISPTMG 
is low. 


Control 
1 Register 
SY 


o 


1 


Disabled 


Enabled 


Control 
1 Register 
SPt 
SPa 


Screen 
start 
position 
regs_ (R 1B, R21, 


R24) disabled 


Screen 
2 start 
position 
register 
(RIB) 


enabled 


Screen 
2 and 3 start 
position 
regs. 


(RI8, 
R211 enabled 


Screen 
2 to 4 start 
position 
regs. 
(RI8, 
R21, 
R24) enabled 


__________ 
w~ 


SL 
Statu::J 


Control 2 


During 
a write 
transaction, 
this 
register 
specifies 
the 
screen 


to 
be 
scrolled 
smoothly 
and 
provides 
the 
double-size 
vertical 
display 
with 
the 
raster 
interpolation 
function. 
A device 
reset 


clears 
the bits of the control 
2 register. 


During 
a read 
transaction, 
this 
register 
indicates 
the 
status 


such 
as 
display 
field, 
vertical 
blanking, 
light 
pen 
strobe 
and 


access 
inhibit 
in DPRAM 
mode. 
A device 
reset clears 
the AI bit 


and SL bit of the status 
register. 


Refer to Table 
10 Reset 
State 
of Internal 
Registers 
for details. 
< Control 
2 Register> 
SS., 
SS" 
SS2' SSt 
Smooth 
scrolling 
control 
RI 
Raster 
interpolation 
control 


< Status 
Register> 


AI, E, SB, SL 
Status 
indication 
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• 
Smooth 
Scrolling 
Control 
(551-554) 


Setting 
the 
bits 
SSI 
to SS4 enables 
smooth 
scrolling 
on the 
split-screens 
I to 
4, 
respectively. 
The smooth 
scrolling 
register 
(R29) 
is enabled 
for the specified 
split-screen. 


Smooth 
Scrolling 


55, 
0 
Disabled 
on the split-screen 
1 


1 
Enabled 
on the split-screen 
1 
55, 
0 
Disabled 
on the split-screen 
2 


1 
Enabled 
on the split-screen 
2 
55) 
0 
Disabled 
on the split-screen 
3 


1 
Enabled 
on the split-screen 
3 
55. 
0 
Disabled 
on the split-screen 
4 


1 
Enabled 
on the split-screen 
4 


• 
Raster 
Interpolation 
Control 
(RI) 
Setting 
I into 
this 
bit 
performs 
a raster 
interpolation. 
The 
raster 
address 
is incremented 
every 
two 
rasters, 
doubling 
the 
vertical 
scanning 
cycle. 
This 
function 
is provided 
only in the non-interlace 
mode 
and 
the interlace 
sync mode. 


• 
Status 
Indication 
(AI, E, SB, SL) 
Access 
Inhibit 
Status 
Bit: 
AI 


AI 
Status 


o 
Refresh 
memory 
access 
allowed 


1 
Refresh 
memory 
access 
inhibited 


E 
Status 
o 
During 
odd field display 


1 
During 
even field display 


SB 
Status 
o 
Not during 
vertical 
blanking 


1 
During 
vertical 
blanking 


SL 
Status 
o 
Light pen strobe 
not detected 


1 
Light pen strobe 
detected 


Reading 
this register 
clears the SL, but not 
SB. Also, the IRQ 


output 
signal 
goes low upon 
read access of this register. 
The bits 
3-6 of the status 
register 
are always 
read as Os. 


This 
register 
controls 
the 
following 
by 
the 
corresponding 
bits. A device 
reset clears 
this register. 


CM 
Cursor 
display 
mode 
control 
C, 
Cursor 
2 enable 
CW, 
Cursor 
I width 
control 
CW, 
Cursor 
2 width 
control 
MW 
Memory 
width 
control 
TC 
Three-state 
control 
DR 
DPRAM 
mode 
selection 


CM 
Cursors 
Display 
Mode 
o 
EOR mode 
1 
OR mode 


Cursor 
2 


Disabled 
Enabled 


DN, 
Cursor 
1 Width 
Register 
(R3B) 


o 
Disabled 
1-eharacter 
width 
specified 
as cursor 
1 width 


Enabled 
Set value in R3B specified 
as cursor 
1 width 


DN, 
Cursor 
2 Width 
Register 
(R39) 


o 
Disabled 
l·character 
width 
specified 
as cursor 
2 width 


Enabled 
Set value in R39 specified 
as cursor 
2 width 


MW 
Memory 
Width 
Offset 
Register 
(R33) 


o 
Disabled 
Linear 
address 
supplied 
as memory 
address 


Enabled 
Memory 
width 
definable 


TC 
MA and 
RA Outputs 


o 
Three-state 
control 
disabled 
1 
When TSC is low, memory 
address 
supplied 
on MAo-13 


and 
RAo-. 


When 
TSC 
is 
high, 
MAo -13 
and 
RAo -4 
stated 


into 
high- 
impedance 
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DPRAM Mode Selection 


DPRAM control signal not supplied 
Enters DPRAM mode 


This register specifies the offset value to be supplemented to 
the memory address, in units of characters, 
in otder to define the 


start memory address of the next row. Adding the offset value to 
the memory address makes the memory width wider than the 
display width. Reprogramming 
the start meniory address en- 


ables the display screen to be scrolled in any direction within a 
memory space by character. 
If this register is set to the offset 


value M, the start address of the next row will be the last dis- 
played character address + M + 1. 


This register is enabled when "MW (bit 3) = I" is set into the 


control 
3 register (R32). If an offset value is not required, the 


MW bit of R32 or this register (R33) is requested to be set as 
O. 


M 


Displ8Y Width 


S, 
P, 
Ncs, (Raster Address) 


This register determines the start raster address and selects 


the cursor blink mode for the cursor 2. The low-order five bits 
determines 
the start raster address. Bits B, and P, select the 


cursor blink mode. 
If the C, bit of the control 3 register is 0, or in the DPRAM 
mode, this register is invalid. 


No blink 
No cursor 
Blink, 1/16 field rate 
Blink, 1/32 field rate 


If the C, bit of the control 3 register is 0, or in the DPRAM 


mode, this register is invalid. 


CURSOR 2 ADDRESS 
REGISTER 
(H, L) (R36, R37) 


(R361 


Program Unit 


Memory 
Address 


These 
registers 
determine 
the 
cursor 
2 display 
memory 


address. The high-order two bits of R36 are always read as Os. 


This register is disabled in DPRAM mode or when "C, = 0" 


is set in the control 3 register (R32). 


Data Bit 
Program Unit 
RIW 


7 
161514131211 
1 0 


New) 
(Number 
of Characters) 
Character 
RIW 


This 
register 
specifies 
the 
cursor 
I 
width 
in units 
of 


characters. 
Writing 0 into this register disables the cursor I 


display. 
This register is enabled when "CW I (bit 5) = I" is set into 


the control 3 register (R32). 


This 
register 
specifies 
the 
cursor 
2 width 
in units 
of 
characters. 
Writing 0 into this register disables the cursor 2 


display. 
This register is enabled when "CW, (bit 4) = I" is set into 


the control 3 register (R32). 


In DPRAM mode, this register specifies the ACI signal output 


timing, not affected by the CW, bit at all. 
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• 
LIMITATION 
FOR PROGRAMMING 


The register 
programmed 
value is limited 
as listed 
in Table 
7. 


Function 
Register 
Programmed 
Value 
Range 
Associated 
Reg. 


1 < 
Nhd < Nht + 1 ,.;;:256 
R1, RO 


0< 
Nvd < Nvt + 1 ~ 256 
R6, R4 


0";;: Nhsp";;: Nht 
R2, RO 


0";;: Nvsp ,.;;:Nvt" 
R7,R4 
Screen 
Format 
2";;: Nr ";;:30 
(Interlace 
sync and video 
mode) 
R9 


Nvad < Nr 
R27,R9 


3~ 
Nht 
(Interlace 
sync mode 
and 
interlace 
sync and video 
model 
RO 


5 ~ Nht 
(Non-interlace 
mode) 


0";;: Ncs, 
,.;;:Nee, 
R10, 
R11 


Nee, 
~Nr 
(Non-interlace 
mode 
and (interlace 
sync 
mode) 


Nee, 
<Nr 
(Interlace 
sync and video 
mode) 


R11, 
R9 


0";;: Ncs, 
,.;;:Nee, 
R34, 
R35 
Cursor 
Control 
Nee, 
~ Nr 
(Non-interlace 
mode 
and interlace 
sync model 


Nee, 
< Nr 
(Interlace 
sync and video 
mode) 


R35, 
R9 


O~ 
New, 
~255 
R38 


o ~ New, 
~ 255 
R39 


Smooth 
Scroll ing 
Nss";;: Nr 
R29, 
R9 


Memory 
Width 
Setting 
o ~ Nof~ 
255 
R33 


Note. 
1) 
• 
In the interlace sync mode, 
if the verticII.ync 
sifinelasSirtion 
strides over the next field, the .ignt' 
pul •• width i.llt.rnetelv 


increased or decreased by 1/2 raster period In the following 
fields. 


2) 
Aefer to INTEANAL 
AEGISTEA 
ASSIGNMENT 
for Iymboll, 


• 
RESET 
The 
RES 
functions 
as a reset 
input 
signal 
only 
while 
the 


LPSTB 
is low. 
"Reset" 
is definable 
in two stages. 
__ 
(I) 
"During 
a reset 
state" 
indicates 
the 
period 
that 
the 
RES 


remains "low". 


(2) 
"After 
a reset state" 
indicates 
the state 
after 
the RES transi- 
tion 
from 
low to high. 


~_.08V 
l0v 


Dunng 
After 


A reset has occurred. 
8 reset state 
8 reset Itate 


The 
note 
for 
a reset 
is listed 
in Table 
8, and the 
pin status 


during 
a reset state 
is in Table 
9. 


Note 


During 
1. HD6345/HD6446 
sets 
"6646S 
mode"" 


a Reset 
State 
Control 
registers 
R30, 
A31, and R32 


cannot 
be programmed 


After 
1. HD6345/HD6445 
ramains 
"68455 


a Reset State 
mode" 
until control 
registers 
A30, 
R31, 


R32 are programmed 
2. In extarnal 
sync 
mode, 
tha additional 


circuit 
is required 
to prevent 
the conten- 


tion between 
sync 
signals 
(V5YNC, 


H5YNC) 
of a master 
and those 
of a 


slave 


The 
RES 
assertion 
at power-on 
does 
not 
define 
the 
internal 


registers. 
The 
internal 
operation 
remains 
undefined 
until 
all the 


internal 
registers 
have been programmed. 


Notel 
"8845S 
modo" 


The 68465 
mode ceuses the HD6345JHD6445 
to Implement 


the HD6846S 
functions. The HD6346/H06446Is 
loftware· 


compatible with the HD6845S, 
and Is provided with the ex- 


tended functions 01 the H06846S. 
Programming the control 


registers enables the extended functions. 
The control registers are initialized during a reset .tate. 
The 
H06345 
has 58-compatible 
bus interface. 
It i. pin- 


compatible with NMOS CRTC-Il H06845S. 
H06446 
has 80-compatible 
bus interface. Note that HD6446 


is not pin-compatible with NMOS CRTC H06845S 
. 
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Pin No. 
Symbol 
Pin Name 
Inputl 
Functions 
Output 


1 
Vss 
Vss 
- 
- 


2 
RES 
Reset 
Input 
- 


lPSTB 
Light Pen Strobe 
Input 


3 
low level signal requested to be supplied 


TSC 
Three State Control 
Input 


4-17 
MAo-MA 


' 
3 
Memory Address 0-13 
Output 
Goes low immediately after reset 


18 
DISPTMG 
Display Timing 
Output 
Goes low immediately after reset 


CUDISP 
Cursor Display 
Output 


19 
ACI 
Access Inhibit 
Output 
Goes low immediately after reset 


IRQ 
Interrupt Request 
Output 


20 
Vcc 
Vcc 
- 
- 


21 
ClK 
Character Clock 
Input 
Not affected 


22 
WR 
Write 
Input 
Not affected 


E 
Enable (HD6345) 
Input 
Not affected 


23 
RD 
Read (HD64451 
Input 
Not affected 


24 
RS 
Register Select 
Input 
Not affected 


25 
CS 
Chip Select 
Input 
Not affected 


26-33 
Do-D, 
Data Bus 0-7 
Inputl 
Not affected 
Output 


34-38 
RAo-RA4 
Raster Address 0-4 
Output 
Goes low immediately after reset 


HSYNC 
Horizontal Sync 
Output 
Corresponds to HSYNC until external 


39 
sync mode is set into the control register 
EXHSYNC 
External Horizontal Sync 
Input 
after reset 


VSYNC 
Vertical Sync 
Output 
Corresponds to VSYNC until esternal 


40 
sync mode is set into the <:ontrol register 
EXVSYNC 
External Vertical Sync 
Input 
after reset 
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Reg. 
Register 
Name 
RIW 
Data Bit (Reset 
State) 


No. 
7 
6 
5 
4 
3 
2 
1 
0 


AR 
Address 
Register 
W 


RO 
Horizontal 
Total 
Characters 
W 


Rl 
Horizontal 
Displayed Characters 
W 


R2 
Horizontal 
Sync Position 
W 


R3 
Sync 
Width 
W 


R4 
Vertical 
Total 
Rows 
W 


R5 
Vertical 
Total Adjust 
W 


R6 
Vertical 
Displayed 
Rows 
W 


R7 
Vertical 
Sync Position 
W 


RS 
Interlace Mode and Skew 
W 
~:,;,c 


R9 
Maximum 
Raster 
Address 
W 


R10 
Cursor 1 Start 
W 


R11 
Cursor 1 End 
W 


Rl2 
Screen 
1 Start 
Address 
(H) 
RIW 


Rl3 
Screen 1 Start Address (L) 
RIW 


Rl4 
Cursor 1 Address (H) 
RIW 


R1S 
Cursor 1 Address (Ll 
RIW 


Rl6 
Light Pen (H I 
R 


R17 
Light Pen (LI 
R 


R1S 
Screen 2 Start Position 
RIW 


Rl9 
Screen 
2 Start 
Address 
(HI 
RIW 
!'. 


R20 
Screen 
2 Start 
Address 
(Ll 
RIW 


R21 
Screen 3 Start Position 
RIW 


R22 
Screen 3 Start Address (H) 
RIW 
. 
'.£ 


R23 
Screen 
3 Start 
Address 
(L) 
RIW 


R24 
Screen 4 Start Position 
RIW 


R25 
Screen 4 Stert Addre •• (HI 
RIW 


R26 
Screen 4 Start 
Addre •• (LI 
RIW 


R27 
V.rticil 
Sync 
PositIon 
Adjust 
W 


R28 
Liahl Pen ROller 
R 


R29 
Smooth 
Scrolll ng 
RIW 


R30 
Control 
1 
W 
0 
0 
0 
0 
0 
0 
0 
0 


R31 
Control 
2 
W 
0 
0 
0 
0 
0 


StatuI 
R 
0 
. 
1 
T 
0 l 
R32 
Control 
3 
W 
0 
0 
0 
0 
0 
0 
0- 
R33 
Memorv 
Width Off •• t 
':~ 


R34 
Cursor 2 Start 


R35 
Cursor 2 End 


R36 
Cursor 2 Addre •• (HI 
RIW 


R37 
Cursor 2 Addre •• (LI 
RIW 


R38 
Cursor 1 Width 
RIW I 
I 


R39 
Cursor 2 Width 
RIW I 
I 
c:J :not Iffeeted 
(Aftlr pOoNlr-on,thl vilul IInot fi.ed until it il progrlmmed.l 
[IJ ,bocam" "0" 
CD: becomes"'" 


~ 
: btcomll "0" in the non-Intlrllce mode 
becomes "1" in the inttrtecllync 
mode end interlK'lync 
end video mode 
IAfttr power-on, in stitUI il not fixed until tht rllter IClnningmodi illlt,) 


_: 
notulld 


(2) Refer to the RESET section for notes on a reset at power- 


on. 


NOTES 
(I) The CRTC-II 
HD6345/HD6445 
is the CMOS LSI. It 


should be noted, peculiar to CMOS LSls,. that the input 
pins of the HD6345/HD6445 
must not be left discon- 


nected, etc. 


LIMITATION 
FOR PROGRAMMING 
Refer 
to 
"Table 
7 
Limitation 
on 
Register Programmed 


Value" for details. 
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ANOMALOUS 
OPERATION BY REGISTER REPROGRAMMING 
DURING SCREEN DISPLAY 
The temporary 
erroneous operation 
may occur if program- 
Register reprogramming 
is: 
ming the internal register during a screen display period. Gener- 
0 
Allowable 
ally, the device starts the newly specified operation on and after 
{',: 
Allowable with some conditions 
the following 
field after a renewal. 
A temporary 
flicker may occur upon deviation of the 


Whether or not the register reprogramming 
is allowed during 
conditions. 
a display is shown by the symbols 0 
/'; and X in the following 
X 
Not recommended 
table. 
A temporary 
flicker 
may occur upon register renewal. 


Reg. 
Register Name 
Phenomenon and Renewal Recommended Period 
No. 


RO 
Horizontal Total Characters 
Horizontal scanning cycle is irregularized. 
x 


R1 
Horizontal Displayed 
DISPTMG width may be set shorter than specified only during 1 raster period 
0 
Characters 
because of a momentary misrecognition of this register data. 


R2 
Horizontal Sync Position 
HSYNC will not be supplied as required, or a noise may occur. It may be 
x 
supplied as programmed on and after the following field. 


R3 
Sync Width 
Sync pulse width may be set shorter than specified when registers are 
6 
reprogrammed during high of HSYNC and VSYNC. 


R4 
Vertical Total Rows 
Vertical scanning cycle may be irregularized when reprogrammed during the last 
6 
raster scanning period within a row. 


R5 
Vertical Total Adjust 
The specified number of adjust rasters will not be supplemented when 
reprogrammed within the last character clock time during adjust raster scanning 
6 
period. 


R6 
Vertical Displayed Rows 
Raster scanning may be suspended (DISPTMG goes low.) immediately after 
being reprogrammed within a field. The programmed display is enabled on and 
a 


after the following field. 


R7 
Vertical Sync Position 
VSYNC will not be supplied as required, or a noise may occur. It may be 
x 
supplied as programmed on and after the following field. 


R8 
Interlace Mode and Skew 
Reprogramming the scanning mode bit irregularizes vertical scanning cycle. 
Reprogramming the skew bit neglects the programmed position for screen and 
x 


cursor displays. 


R9 
Maximum Raster Address 
Vertical scanning cycle is irregularized. 
x 


R10 
Cursor 1 Start 
Cursor raster scanning may be irregularized or blink period be temporarily set 
R11 
Cursor 1 End 
shorter when reprogrammed within the last character clock time during raster 
6 


scanning period. 


R12 
Screen 1 Start Address (H) 
Except during the last raster scanning period within a row, register 
R13 
Screen 1 Start Address (Ll 
reprogramming is allowable. Horizontal/vertical 
display period is especially 
recommended for reprogramming. If R12 and R13 are separately reprogrammed 
a 
in the different fields, a screen display will temporarily start from the partially 
reprogrammed address. 


R14 
Cursor 1 Address (H) 
The cursor will not temporarily be displayed at the specified address when 
R15 
Cursor 1 Address (Ll 
reprogrammed during display period. Horizontal/vertical 
retrace period is 
especially recommended for reprogramming. If R14 and R15 are separately 
a 


reprogrammed in the different fields, a cursor will be temporarily displayed on 
the partially reprogrammed address. 


R16 
Light Pen (H) 
- 
R17 
Light Pen III 
-- 


R18 
Screen 2 Start Position 
Except during raster scanning period prior to the split-screen 2 start row, 
reprogramming is allowable. Horizontal/vertical 
retrace period is especially 
a 


recommended for reprogramming. 


R19 
Screen 2 Start Address IHI 
Except during raster scanning period prior to the split-screen 2 start row, 
R20 
Screen 2 Start Address (L) 
reprogramming is allowable. Horizontal/vertical 
retrace period is especially 
recommended for reprogramming. If R19 and R20 are separately reprogrammed 
a 
in the different fields, a screen display will temporarily start from the partially 
reprogrammed address. 


R21 
Screen 3 Start Position 
Except during raster scanning period prior to the split-screen 3 start row, 
reprogramming is allowable. Horizontal/vertical 
retrace period is especially 
a 


recommended for reprogramming. 
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Reg. 
Register Name 
Phenomenon and Renewal Recommended Period 
No. 


R22 
Screen 3 Start Address (H) 
Except during raster scanning period prior to the split-screen 3 start row, 
R23 
Screen 3 Start Address (L) 
reprogramming is allowable. Horizontal/vertical 
retrace period is especially 
recommended for reprogramming. 
If R22 and R23 are separately reprogrammed 
0 


in the different fields, a screen display will temporarily start from the partially 
reprogrammed address. 


R24 
Screen 4 Start Position 
Except during raster scanning period prior to the split-screen 4 start row, 
reprogramming is allowable. Horizontal/vertical 
retrace period is especially 
0 


recommended for reprogramming. 


R25 
Screen 4 Start Address (HI 
Except during raster scanning period prior to the split-screen 4 start row, 
R26 
Screen 4 Start Address ILl 
reprogramming is allowable. Horizontal/vertical 
retrace period is especially 
recommended for reprogramming. 
If R25 and R26 are separately reprogrammed 
0 


in the different fields, a screen display will temporarily start from the partially 
reprogrammed address. 


R27 
Vertical Sync Position 
The programmed position for VSYNC output will not be satisfied. 
x 


Adust 


R28 
Light Pen Raster 
-- 
- 


R29 
Smooth Scrolling 
For a screen not performing smooth scroll, reprogramming is allowable except 
during the last raster scanning period within each row. For a screen performing 
smooth scroll, reprogramming is allowable except during rater scanning period 
f:', 


on the address of "programmed 
value-1". 
Horizontal/vertical 
retrace period is 
especially recommended for reprogramming. 


R30 
Control 1 
'VE 
Reprogramming is allowable except at VSYNC output. 
0 


'TV 
Reprogramming is allowable except at HSYNC output when OISPTMG is low. 
0 


'VS,IB,IL 
Reprogramming is allowable. 
0 


'SY 
VSYNC will not be supplied as required or a noise may occur. It may be supplied 
f:', 
as programmed on and after the following field. 


'SPo,SP, 
Temporary disturbance may occur on a screen when reprogrammed during the 
display period. Vertical retrace period is especially recommended for 
f:', 
reprogramming. 


R31 
Control 2 
'SS" 
- SS, 
Temporary disturbance may occur on a screen when reprogramming during 
display period. Vertical retrace period is especially recommended for 
f:', 


reprogramming 


'RI 
Vertical raster scanning cycle is irregularized. 
x 


Status 
-- 
- 


R32 
Control 3 
'CM,C, 
Temporary disturbance may occur on a cursor when reprogrammed during 
'CW"CW, 
display period. Vertical retrace period is especially recommended for 
f:', 


reprogramming. 


'MW 
Temporary disturbance may occur on a screen when reprogrammed during 
display period. Vertical retrace period is especially recommended for 
f:', 


reprogramming. 


'TC, DR 
Reprogramming is inhibited. 
x 


R33 
Memory Width Offset 
The specified address for cursor display will not temporarily be satisfied upon 
reprogramming during display period. Horizontal/vertical 
retrace period is 
0 


especially recommended for reprogramming. 


R34 
Cursor 2 Start 
Cursor raster scanning may be irregularized or blink period be temporarily set 
R35 
Cursor 2 End 
shorter when reprogrammed within the last character clock time during raster 
f:', 


scanning period. 


R36 
Cursor 2 Address (H) 
The specified address for cursor display will not temporarily be satisfied when 
R37 
Cursor 2 Address ILl 
reprogrammed during 
the display period. Horizontal/vertical 
retrace period is 
especially recommended for reprogramming. 
If R36 and R37 are separately 
0 


reprogrammed in the different fields, a cursor will be temporarily displayed at 
the partially reprogrammed address. 


R38 
Cursor 1 Width 
The specified cursor width will not temporarily be satisfied when reprogrammed 
R39 
Cursor 2 Width 
during display period. Horizontal/vertical 
retrace period is especially 
f:', 


recommended for reprogramming. 
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Item 
Symbol 
Rating 
Unit 


Supply 
Voltage 
Vcc " 
-0.3 
- 
+7.0 
V 


Input 
Voltage 
Vin" 
-0.3 
- 
Vcc+0.3 
V 


Operating 
Temperature 
Top, 
-20-+75 
·C 


Storage Temperature 
TstQ 
-55 
- 
+150 
·C 


I 
Data Bus 


1101"" 
5 
mA 
Allowable 
Output 
Current 
I 
Others 
3 
mA 


Total 
Allowable 
Output 
Current 
1~lol""" 
60 
mA 


• This value is in reference to vss =- av. 


•• 
The allowable 
output 
current 
is the maximum 
current that may be drawn from, 
or flow out to, one output 
pin or one input/output 
common 
pin . 


••• 
The total allowable 
output 
current 
is the total sum of currents that may be drawn from, or flow out to, output 
pins or input/output 
common 
pins. 


Note) 
Using an LSI beyond its maximum 
ratings may result in its permanent 
destruction. 
LSl's should usually be under recommended 
operating 
conditions. 
Exceeding any of these conditions 
may adversely affect its reliability. 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Supply 
Voltage 
Vcc " 
4.75 
5.0 
5.25 
V 


Input 
Low Level Voltage 
VIL " 
-0.3 
- 
0.8 
V 


Input 
High Level Voltage 
V1H" 
2.0 
- 
Vcc 
V 


Operating 
Temperature 
Top, 
-20 
25 
75 
·C 


• 
ELECTRICAL 
CHARACTERISTICS 


DC CHARACTERISTICS 
(Vcc 
= 5.0V±5%, 
Vss = OV, Ta = -20 
- 
+75°C 
unless otherwise 
noted) 


Item 
Symbol 
Measuring Condition 
Min 
Typ" 
Max 
Unit 
Input 
High Level Voltage 
V1H 
2.0 
- 
Vcc 
V 
Input 
Low Level Voltage 
VIL 
-0.3 
- 
0.8 
V 


Input 
Leak Current 
Inputs except 


lin 
Vin = 0 - 
5.25 V 
-2.5 
Do - 
D, 
- 
2.5 
JJA 


Three State (Off 
State) 
Do 
D, 
V in = 0.4 - 
2.4 V 


Input Current 
Memory 
Address 
ITSI 
Vcc 
= 5.25 V 
-10 
- 
10 
JJA 


Raster Address 


Output 
High Level 
Do 
0, 


VOH 
1- -205JJA 


Voltage 
Others 
1= -100 
JJA 
2.4 
- 
- 
V 


Output 
Low Level Voltage 
VOL 
1- 
1.6 mA 
- 
- 
0.4 
V 


Do - 
D, 


Vin = 0:' 


Input 
Capacity 
EXVSYNC 
- 
- 
12.5 
pF 


EXHSYNC 
Gin 
Ta = 25 C 


Others 
f = 1.0 MHz 
- 
- 
10 
pF 


Output 
Capacity 
Cout 
Vin =0:' 
Ta = 25 C 
- 
- 
10 
pF 


f = 1 MHz 


fCLK - 4.5 MHz 
fE = 2 MHz 
Power Dissipation 
Po 
Vcc 
= max, No Load 
- 
50 
- 
mW 


VIH = VCC - 1.0 V 
VIL = 0.8 V 
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Item 
Symbol 
Test Condition 
Min 
Max 
Unit 


Clock Cycle Time 
tcycC 
220 
- 
ns 


Clock High Pulse Width 
PWCH 
100 
- 
ns 


Clock 
Low Pulse Width 
PWCL 
100 
ns 


Rise and Fall Time for Clock 
Input 
tcr, tcf 
- 
20 
ns 


Memory 
Address Delay Time 
tMAo 
- 
80 
ns 


Raster Address Delay Time 
tRAo 
Fig. 30 
- 
80 
ns 


DISPTMG 
Delay Time 
tOTO 
- 
120 
ns 


CUD ISP Delay Time 
tcoo 
- 
120 
ns 


Horizontal 
Sync Delay Time 
tHSD 
- 
100 
ns 


Vertical 
Sync Delay Time 
tVSD 
- 
120 
ns 


Light Pen Strobe Pulse Width 
PWLPH 
60 
- 
ns 


Light Pen Storobe 
Uncertain 
Time of 
tLPDl 
70 
ns 
Fig. 32, 33 
Acceptance 
tLPD2 
- 
0 
ns 


Memory 
Address Three·State 
Off Time 
tMAZ 
- 
50 
ns 


Raster Address Three·State 
Off Time 
Fig. 31 
50 
tRAZ 
- 
ns 


Item 
Symbol 
Test Condition 
Min 
Max 
Unit 


Clock Halt Time 
tCLKST 
100 
- 
ns 


External 
Horizontal 
Sync Pulse Width 
tpWHS 
1000 
- 
ns 


External 
Horizontal 
Sync Rise and Fall Time 
tH, 
- 
20 
ns 


tHI 
Fig. 34 
- 
20 
ns 


External 
Vertical 
Sync Pulse Width· 
tpwvs 
1660 
- 
ns 


External 
Vertical 
Sync Rise and Fall Time 
tv, 
- 
20 
ns 


tVI 
- 
20 
ns 


Item 
Symbol 
Test Condition 
6345 
63A45 
63B45 


Min 
Max 
Min 
Max 
Min 
Max 
Unit 


Enable Cycle Time 
tcycE 
1000 
- 
666 
- 
500 
- 
ns 


Enable "High" 
Pulse Width 
PWEH 
450 
- 
280 
- 
220 
- 
ns 


Enable "Low" 
Pulse Width 
PWEL 
400 
- 
280 
- 
210 
- 
ns 


Enable Rise and Fall Time 
tE" 
tEl 
- 
20 
- 
20 
- 
20 
ns 


Address Set Up Time 
tAS 
80 
- 
80 
- 
40 
- 
ns 


Data Set Up Time 
tosw 
Fig. 35 
195 
- 
80 
- 
60 
- 
ns 


Data Delay Time 
tOOR 
Fig. 36 
- 
200 
- 
140 
- 
120 
ns 


Data Hold Time 
tH 
10 
- 
10 
- 
10 
- 
ns 


Address Hold Time 
tAH 
10 
- 
- 
- 
10 
- 
ns 


Data Access Time 
tACC 
- 
280 
- 
220 
- 
160 
ns 


Input 
Signal Rise and Fall Time 
tr, tf 
- 
100 
- 
100 
- 
100 
ns 


(RES, LPSTB, RS, CS, RtW) 
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4. 
HD6445 
MPU BUS TIMING 
HD6445-4 
I 


Item 
Symbol 
Test Condition 
Min 
Max 
Unit 


Read Address Set Up Time 
tAR 
0 
- 
ns 


Read Low 
Level Time 
tRR 
160 
- 
ns 


Read Address Hold Time 
tRA 
0 
- 
ns 


Write Address Set Up Time 
tAW 
0 
- 
ns 


Write Low Level Time 
tww 
190 
- 
ns 


Write Address Hold Time 
tWA 
0 
- 
ns 


Data Delay Time 
tRO 
Fig. 37 
- 
120 
ns 


Data Hold Time (Read) 
tOF 
Fig. 38 
10 
- 
ns 


Data Set Up Time 
tow 
60 
- 
ns 


Data Hold Time 
(Write) 
two 
0 
- 
ns 


Access Inhibit 
Time 
tOIS 
210 
- 
ns 


Input Signal Rise Time 
t,. 
- 
100 
ns 


Fall Time 
tf 
(RES, LPSTB, RS, CS, RD, WR) 


',,,, 


2.0V 
2.0V 
PWCl 


0.8\1 
0.8\1 
08v 


eLK 


PWCH 


'4V 


MAo-MAIl 


24\1 


RAo-AA" 


24\1 


DISPTMG 


1010 


, 4V 


CUDISP 


24V 


H5YNC 


VSYNC 


'- 
'.w 
--A'OV 


LPST8 
K~--- 
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\_-- 


When LPSTB rises in this period, 
memory 
address 
"M+2" 
is set 
into the light pen registers. 
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When LPSTB rises after this timing, 
raster address 'M+1" 
is set into 
the light pen registers. 


'HIt~'" -zov=t 


_______ 
O_.8_~--------"-w-v-s----~~-·8-V------ 


tvr 
tvf 
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cs 


RIW 
RS(Addren 


Regiuerl 
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RL=2.4kO 


C= 130pF 
100 - 
071 


"" 40pF 
(Output signals except 00 - 
0,) 


R= 
llkn 
100-07) 
= 
24kO 
(Output 
signals except 
Do - 
0,) 


01 - 
04 are IS20746)or 
equivalent. 
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HD6345/HD6445 


CLK: 4.5 MHz CMOS 
68 System Bus Interface (HD6345) 


80 System Bus Interface IHD64451 
1. Refresh Memory Address (16k words) 


2. Paging, Scrolling 


3. Light Pen 
4. TTL Compatible 


5. Software Programmable: 


Number of Displayed Characters on Screen 
Number of Rasters per Character Row 
HorizontallVertical 
Sync Signal 


Raster 
Scanning 
Mode 


Cursor 


ClK: 
3.7 MHz NMOS 
6800 System Bus Interface 


1. Refresh Memory Address (16k words) 


2. Paging,Scrolling 


3. Light Pen 


4. TTl 
Compatible 


5. Software Programmable: 
Number of Displayed Characters on Screen 
Number of Rastersper Character Row 
Horizontal/Vertical 
Sync Signal 
Raster Scanning Mode 
Cursor 


6. Screen Split (Up to 4) 


7. Smooth Scrolling 


8. External Synchronization 


9. 
Interrupt 
Request 


10. Raster Interpolation 


11. Sync Position Adjustment 


12. Light Pen Raster Address 


13. Second Cursor 


14. Display Memory Width Setting 


15. Up to 256 Character Rows 


16. Timing Signal for Dual Port RAM 


17. Three-State Control of Memory Address and Raster 
Address 
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HD6345 
HD6845S 
No. 
Item 
Symbol 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 


1 
Power Dissipation 
Po 
- 
50 
- 
- 
600 
1000 
mW 


2 
Clock Cycle Time 
tcycC 
220 
- 
- 
270 
- 
- 
ns 


3 
Clock "High" 
Pulse Width 
PWCH 
100 
- 
- 
130 
- 
- 
ns 


4 
Clock "Low" 
Pulse Width 
PWCL 
100 
- 
- 
130 
- 
- 
ns 


5 
Memory 
Address Delay Time 
!MAD 
- 
- 
80 
- 
- 
160 
ns 


6 
Raster Address Delay Time 
tRAO 
- 
- 
80 
- 
- 
160 
ns 


7 
Display 
Timing 
Delay Time 
tOTO 
- 
- 
120 
- 
- 
250 
ns 


8 
Horizontal 
Sync Delay Time 
tHSO 
- 
- 
100 
- 
- 
200 
ns 


9 
Vertical 
Sync Delay Time 
tvso 
- 
- 
120 
- 
- 
250 
ns 


10 
Cursor Display 
Delay Time 
tcoo 
- 
- 
120 
- 
- 
250 
ns 


11 
Enable Cycle Time 
tcyCE 
500 
- 
- 
1000 
- 
- 
ns 


12 
Enable "High" 
Pulse Width 
PWEH 
220 
- 
- 
450 
- 
- 
ns 


13 
Enable" 
Low" 
Pulse Width 
PWEL 
210 
- 
- 
400 
- 
- 
ns 


14 
Enable Rise and Fall Time 
tEr. tEf 
- 
- 
20 
- 
- 
- 
ns 


15 
Address Set Up Time 
tAS 
40 
- 
- 
140 
- 
- 
ns 


16 
Data Set Up Time 
tosw 
60 
- 
- 
195 
- 
- 
ns 


17 
Data Delay Time 
toOR 
- 
- 
120 
- 
- 
320 
ns 


18 
Data Access Time 
tACC 
- 
- 
160 
- 
- 
460 
ns 


19 
Input Signal Rise and Fall Time 
tr. tf 
- 
- 
100 
- 
- 
- 
ns 


HD6445 
HD6845S 
No. 
Item 
Symbol 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 


1 
Power Dissipation 
Po 
- 
50 
- 
- 
600 
1000 
mW 


2 
Clock Cycle Time 
tcycc 
220 
- 
- 
270 
- 
- 
ns 


3 
Clock High Pulse Width 
PWCH 
100 
- 
- 
130 
- 
- 
ns 


4 
Clock 
Low Pulse Width 
PWCL 
100 
- 
- 
130 
- 
- 
ns 


5 
Memory 
Address Delay Time 
!MAD 
- 
- 
80 
- 
- 
160 
ns 


6 
Raster Address Delay Time 
tRAO 
- 
- 
80 
- 
- 
160 
ns 


7 
Display 
Timing 
Delay Time 
tOTO 
- 
- 
120 
- 
- 
250 
ns 


8 
Horizontal 
Sync Delay Time 
tHSO 
- 
- 
100 
- 
- 
200 
ns 


9 
Vertical 
Sync Delay Time 
tvso 
- 
- 
120 
- 
- 
250 
ns 


10 
Cursor Display 
Delay Time 
tCOO 
- 
- 
120 
- 
- 
250 
ns 
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c 
- 


Hd 
- 
....e 


254; 015 
048' 
0 I 
~ € 


(0100-0010) 
(0019'0004) 
~ 
~ 
O' 
IS 
" 
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HD6845R/HD6845S 
CRT Controller 
(CRTC) 


The CRTC is a LSI controller which is designed to provide 
an interface for microcomputers to raster scan type CRT displays. 
The CRTC belongs to the HD6800 LSI Family and has full 
compatibility with MPU in both data lines and control lines. Its 
primary function is to generate timing signal which is necessary 
for raster scan type CRT display according to the specification 
programmed by MPU. The CRTC is also designed as a program- 
mable controller, so applicable to wide-range CRT display from 
small low-functioning 
character display up to raster type full 
graphic display as well as large high-functioning limited graphic 
display. 


• 
FEATURES 
• 
Number 
of 
Displayed 
Characters on the Screen, Vertical 


Dot 
Format 
of 
One Character, 
Horizontal 
and Vertical 


Sync Signal, Display 
Timing 
Signal are Programmable 


• 
3.7 MHz High Speed Display 
Operation 


• 
line 
Buffer-less 
Refreshing 


• 
14·bit 
Refresh 
Memory 
Address 
Output 
(16k 
Words 


max. Access) 


• 
Programmable 
Interlace/Non-interlace 
Scan Mode 


• 
Built-in 
Cursor Control 
Function 


• 
Programmable 
Cursor Height and its BI ink 


• 
Built-in 
Light Pen Detection 
Function 


• 
Paging and Scrolling 
Capability 


• 
TIL 
Compatible 


• 
Single +5V Power Supply 


HD6B45SP. 
HD68A45SP. 
HD68B45SP 


HD6845AP. 
HD68A45AP, 
HD68B45AP 


Vss 
~ 
0 
VSYNC 
1fES 
2 
HSYNC 


LPSTB 
J 
RA, 


MA. 
4 
RA. 


MA, 
~ 
AAI 


MA, 
6 
RA) 


MA, 
1 
AA, 


MA. ~ 
D. 


MAt 
~ 
0, 


MA • .!.!! 
HD6845S 
D, 


MA, 
11 
HD6845A 
D, 


MA. 
~ 
D. 


MA, 
13 
0t 


MA,. 
•• 
D. 


MAli 15 
0, 


MAI116 
CS 


MAl) 
17 
AS 


OISPTMG 18 
E 


CUD IS" 
~ 
RiW 


VCC_~",- 
...r-'CLK 


CATC 
Bus Timing 
CAT Display 
Timing 


HD6845S 
1.0MHz 
HD68A45S 
1.5 MHz 
3.7 MHz max. 


HD68B45S 
2.0 MHz 


HD6845A 
1.0MHz 
HD68A45A 
1.5 MHz 
3.7 MHz max. 


HD68B45A 
2.0 MHz 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc . 
-0.3- 
+7.0 
V 


Input Voltage 
Vin · 
-0.3-+7.0 
V 


Operating Temperature 
Topr 
- 20- 
+ 75 
°c 


Storage Temperature 
T••• 
- 55- 
+150 
°c 


• 
With 
resPect 
to Vss (SYSTEM 
GNDI 


[NOTE] 
Permanent 
lSI 
damage may occur if maximum 
ratings are exceeded. Normal operation 
should be under recommended 
operating 


conditions. 
If these conditions 
are exceeded, it could affect reliability 
of LSI. 


Item 
Symbol 
min 
typ 
max 
Unit 


Supply Voltage 
Vcc . 
4.75 
5.0 
5.25 
V 


V'L· 
-0.3 
- 
0.8 
V 


Input Voltage 
V'H· 
2.0 
Vcc 
V 
- 


Operating Temperature 
Topr 
- 20 
25 
75 
°c 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vcc 
~ 5V ± 5%, Vss = OV, Ta • -20-+75°C, unless otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typO 
max 
Unit 


Input "High" 
Voltage 
V'H 
2.0 
- 
Vcc 
V 


Input "Low" 
Voltage 
V'L 
-0.3 
- 
0.8 
V 


Input 
Leakage Current 
I in 
Vi" 
= 0 - 
5.25V (Except 00-0,) 
-2.5 
- 
2.5 
IJA 


Three·State Input Current 
ITS' 
Vi" 
= 0.4 - 
2.4V 
- 10 
10 
IJA 
(off·state) 
Vcc = 5.25V (00- 
0,) 
- 


Output 
"High" 
Voltage 
VOH 
ILOAO = -205 IJA (00- 
0,) 
2.4 
V 


ILOAO - -100 IJA (Other Outputs) 
- 
- 


Output 
"Low" 
Voltage 
VOL 
'LOAD - 1.6 mA 
- 
- 
0.4 
V 


Vi" 
= 0 
I 
00 
- 
0, 
- 
- 
12.5 
pF 


Input Capacitance 
C1" 
Ta = 25°C 
I 
f= 
1.0 MHz 
Other Inputs 
- 
-' 
10.0 
pF 


Output 
Capacitance 
Caut 
Vin 
=OV, Ta = 25°C, f= 
1.0MHz 
- 
- 
10.0 
pF 


Power Oissipation 
Po 
- 
600 
1000 
mW 
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• 
AC Characteristics 
(Vcc = 5V ± 5%. T. = -20 
- 
+ 75°C, 
unless 
otherwise 
noted.) 


1. TIMING 
OF CRTC SIGNAL 


Test 
HD6845R 
HD6845S 
No. 
Item 
Symbol 
Condition 
min 


Unit 


min 
typ 
max 
typ 
max 


1 
Clock Cycle Time 
teycC 
330 
- 
- 
270 
- 
- 
ns 


2 
Clock 
"High" 
Pulse Width 
PWCH 
150 
- 
- 
130 
- 
- 
ns 


3 
Clock 
"Low" 
Pulse Width 
PWCL 
150 
- 
- 
130 
- 
- 
ns 


Rise and Fall Time for Clock 
Input 
TCe tC1 
Fig. 1 
15 
20 
4 
- 
- 
- 
- 
ns 


5 
Horizontal 
Sync Delay Time 
tHSO 
- 
- 
250 
- 
- 
200 
ns 


6 
Light Pen Strobe 
Pulse Width 
PWLPH 
80 
- 
- 
60 
- 
- 
ns 


Light Pen Strobe 
tLPO' 
- 
- 
80 
- 
- 
70 
ns 


7 
Uncertain 
Time of Acceptance 
Fig. 2 
tLP02 
- 
- 
10 
- 
- 
0 
ns 


8 
Memory 
Address 
Delay Time 
tMAO 
- 
- 
160 
- 
- 
160 
ns 


9 
Raster Address 
Delay Time 
tRAO 
- 
- 
160 
- 
- 
160 
ns 


10 
DISPTMG 
Delay Time 
toTO 
Fig. 1 
- 
- 
250 
- 
- 
250 
ns 


11 
CUDISP 
Delay Time 
tcoo 
- 
- 
250 
- 
- 
250 
ns 


12 
Vertical 
Sync Delay Time 
tvso 
- 
- 
250 
- 
- 
250 
ns 


HD6845R 
HD68A45R 
HD68B45R 


Item 
Symbol 
Test 
HD6845S 
HD68A45S 
HD68B45S 
Condition 
Unit 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 


Enable Cycle Time 
teyeE 
1.0 
- 
- 
0.666 
- 
- 
0.5 
- 
- 
/.Is 


Enable "High" 
Pulse Width 
PWEH 
0.45 
- 
- 
0.28 
- 
- 
0.22 
- 
- 
/.IS 


Enable "Low" 
Pulse Width 
PWEL 
0.40 
- 
- 
0.28 
- 
- 
0.21 
- 
- 
/.IS 


Enable Rise and Fall Time 
ter. 
tEf 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Address Set Up Time 
tAS 
Fig. 3 
140 
- 
- 
140 
- 
- 
70 
- 
- 
ns 


Data Delay Time 
tOOA 
- 
- 
320 
- 
- 
220 
- 
- 
180 
ns 


Data Hold Time 
tH 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 


Address Hold Time 
tAH 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 


Data Access Time 
tAcc 
- 
- 
460 
- 
- 
360 
- 
- 
250 
ns 


HD6845R 
HD68A45R 
HD68B45R 
Item 
Symbol 
Test 
HD6845S 
HD68A45S 
HD68B45S 
Unit 
Condition 
min 
typ 
max 
min 
typ 
max 
min 
typ 
max 
Enable Cycle Time 
teyeE 
1.0 
- 
- 
0.666 
- 
- 
0.5 
- 
- 
/.Is 


Enable "High" 
Pulse Width 
PWEH 
0.45 
- 
- 
0.28 
- 
- 
0.22 
- 
- 
/.Is 


Enable "Low" 
Pulse Width 
PWEL 
0.40 
- 
- 
0.28 
- 
- 
0.21 
- 
- 
/.Is 


Enable Rise and Fall Time 
tEr, 
tEf 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Address Set Up Time 
Fig. 4 
140 
140 
70 
tAS 
- 
- 
- 
- 
- 
- 
ns 


Data Set Up Time 
tosw 
195 
- 
- 
80 
- 
- 
60 
- 
- 
ns 


Data Hold Time 
tH 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 


Address Hold Time 
tAH 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 
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K__ 


This Figure shows the relation 
in time between 
elK 
signal and each output 
signals. Output 
sequence is shown in F i95. 10-15. 
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L 


~ 


When 
LPSTB 
rises 
in this periOd,)' 


Refresh 
Memory 
Address 
"M+2" 
is set into the light pen registers. 


tLPD1. 
tLPD2: 
LPSTB's uncertain time of acceptance. 
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cs 
R/W 
RS (Address 
Register) 


C 
130pF 
(0. -0,) 


30pF 
(Output signals except 
D.. -0.,) 


R 
l1kll 
(0.-0,1 
24kn 
(Output 
signals except 
00 - 0,) 
0, -0. 
are 1S20744:!> 
or equivalent. 


• 
SYSTEM 
DESCRIPTION 


The CRTC is a LSI which is connected with MPU and CRT 
display device to control CRT display. The CRTC consists of 
internal register group, horizontal 
and vertical timing circuits, 


linear address generator, 
cursor control circuit, and light pen 
detection circuit. Horizontal and vertical timing circuit generate 
RAo-RA., 
D1SPTMG, HSYNC, and VSYNC. RAo-RA. 
are 
raster address signals and used as input signals for Character 
Generator. D1SPTMG, HSYNC, and VSYNC signals are received 
by video control 
circuit. This horizontal 
and vertical timing 
circuit 
consists 
of internal 
counter 
and comrarator 
circuit. 


Linear address generator generates refresh memory address MAo 
-MAl3 
to be used for refreshing the screen. By these address 
signals, refresh memory is accessed periodically. As 14 refresh 
memory 
address 
signals are 
prepared, 
16k words max 
are 
accessible. Moreover, the use of start address register enables 
paging and scrolling. Light pen detection 
circuit detects light 
pen position 
on the screen. When light pen strobe 
signal is 
received, light pen register memorizes linear address generated 
by linear address generator in order to memorize where light 
pen is on the screen. Cursor control circuit controls the position 
of cursor, its height, and its blink. 
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RA,- J 
RA. 
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• 
FUNCTION OF SIGNAL LINE 
The CRTC provides 
13 interface signals to MPU and 25 
interface signals to CRT display. 


• 
Interface Signals to MPU 
B~directional Data Bus (00-0,) 
Bi-directional data bus(Do-0,) 
are used for data transfer 
between the CRTC and MPU. The data bus outputs are 3-state 
buffers and remain in the high-impedance state except when 
MPU performs a CRTC read operation. 


Reacl/Write (R!W) 
Read/Write 
signal (R/W) 
controls 
the 
direction 
of data 
transfer between the CRTC and MPU. When R/W is at "High" 
level, data of CRTC is transfered 
to MPU. When R/W is at 
"Low" level, data of MPU is transfered to CRTC. 


Chip Select (CS) 
Chip Select signal (<:5) is used to address the CRTC. When 
rs is at "Low" level, it enables Read/Write operation to CRTC 
internal registers. Normally this signal is derived from decoded 
address signal of MPU under the condition that VMA of MPU 
is at "High" level. 


Register Select (RS) 
Register Select signal (RS) is used to select the address 
register and 18 controi registers ot the CRTC. When RS is at 
"Low" 
level, the addr~ss register is selected and when RS is at 
"High" 
level, control 
registers 
are 
selected. 
This 
signal is 
normally a derivative of the lowest bit (AO) of MPU address bus. 


En$le(EI 
Enable signal (E) is used as strobe signal in MPU Read/Write 
operation with the CRTC internal registers. This signal is nor- 
mally a derivative of the H06800 System 
<1>2 clock. 


Reset (RES) 
Reset sp 
(RES) is an input signal used to reset the CRTC. 
When RES is at "Low" 
level, it forces the CRTC into the 
following status. 


I) 
All the counters in the CRTC are cleared and the device 
stops the display operation. 
2) All the outputs go down to "Low" level. 
3) Control registers in the CRTC are not affected and remain 
unchanged. 


This signal is different from other HD6800 family LSls in the follow- 
ing functions and has restrictions for usage. 
I) 
RES has capability of reset function only when LPSTB 
is at "Low" level. 


2) 
The CRTC starts the display operation immediately after 
RES goes "High" level. 


• 
Interface Signals to CRT Display Device 
Character Clock (CLK) 
CLK is a standard clock input signal which dermes character 
timing for the CRTC display operation. CLK is normally derived 
from the external high-speed dot timing logic. 


Horizontal Sync (HSYNCI 
HSYNC is an active "High" 
level signal which provides 
horizontal synchronization for display device. 


Vertical Sync (VSYNCI 
VSYNC is an active "High" level signal which proVides verti- 
cal synchronization 
for display device. 


Display Timing (DISPTMGI 
DISPTMG is an active "High" level signal which defines the 
display period in horizontal 
and vertical raster scanning. It is 
necessary 
to enable video signal only when DISPTMG is at 
"High" level. 


Refresh Memory Address (MAo-MA '31 
MAo-MA'3 
are refresh memory address signals which are 
used to access to refresh memory in order to refresh the CRT 
screen periodically. 
These outputs 
enables 
16k words max. 


refresh memory access. So, for instance, these are applicable up 
to 2000 characters/screen and 8-page system. 


Raster Address (RAo-RA.) 
RAo-RA. 
are raster address signals which are used to select 
the 
rastet 
of 
the 
character 
generator 
or 
graphic 
pattern 
generator etc. 


Cursor Display (CUDISP) 
CUDISP is an active "High" level video signal which is used 
to display the cursor on the CRT screen. This output 
is in- 
hibited while DISPTMG is at "Low" level. Normally this output 
is mixed with video signal and provided to the CRT display 
device. 
Light Pen Strobe (LPSTBI 
LPSTB is an active "High" level input signal which accepts 
strobe pulse detected by the light pen and control circuit. When 
this signal is activated, 
the refresh memory 
address (MAo- 
MAn) 
which are shown in Fig. 2 are stored in the 14-bit light 
pen register. The stored 
refresh memory 
address need to be 
corrected 
in software, 
taking the delay time of the display 
device, light pen, and light pen control circuits into account. 
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Address 
Register 
Data Bit 
Cs 
RS 
Register 
Register Name 
Program Unit 
READ 
WRITE 


4 
3 
2 
1 
0 
'* 


~ 


1 
X 
X 
X 
X 
X 
X 
- 
- 
- 


0 
0 
X 
X 
X 
X 
X 
AR 
Address Register 
- 
X 
0 


0 , 
0 
0 
0 
0 
0 
RO 
Horizontal Total· 
Character 
X 
0 


0 
1 
0 
0 
0 
0 
1 
R, 
Horizontal 
Displayed 
Character 
X 
0 


0 
1 
0 
0 
0 
1 
0 
R2 
Horizontal 
Sync· 
Character 
X 
0 
Position 


Vertical-Raster, 
wh3 
wh2 
whO 
0 , 
0 
0 
0 
1 
1 
R3 
Sync Width 
Horizontal- 
X 
0 
wv3 
wv2 
wv1 
wvO 
wh' 
Character 


0 
1 
0 
0 , 
0 
0 
R4 
Vertical Total· 
Line 
X 
0 


0 , 
0 
0 , 
0 
1 
RS 
Vertical Total Adjust 
Raster 
X 
0 


0 , 
0 
0 , , 
0 
R6 
Vertical Displayed 
Line 
X 
0 


0 , 
0 
0 , 
1 , 
R7 
Vertical Sync· 
Line 
X 
0 
Position 


0 , 
0 , 
0 
0 
0 
RS 
Interlace & Skew 
- 
X 
0 
C1 
CO 
01 
DO 
V 
S 


0 , 
0 
1 
0 
0 , 
R9 
Maximum Raster 
Raster 
X 
0 
Address 


0 , 
0 , 
0 , 
0 
R,O 
Cursor Start Raster 
Raster 
X 
0 


0 
1 
0 , 
0 , 
1 
R1' 
Cursor End Raster 
Raster 
X 
0 


0 
1 
0 , 
1 
0 
0 
R12 
Start Address(H) 
- 
0 
0 


0 
1 
0 , 
1 
0 , 
R,3 
Start Address( L) 
- 
0 
0 


0 
1 
0 
1 
1 
1 
0 
R'4 
CursodH) 
- 
0 
0 


0 
1 
0 
1 
1 , , 
R,S 
Cursor IL) 
- 
0 
0 


0 
1 , 
0 
0 
0 
0 
R16 
Light Penl H) 
- 
0 
X 


0 , 
1 
0 
0 
0 , 
R'7 
Light Penl LI 
- 
0 
X 


(NOTE] 
1. The Registers marked·; 
(Written Value) = (Specified Value) - 1 
2. Written Value of R9 is mentioned below. 


1) ~n~;;:;~:r~~c~c~~~e} 
(Written Value) = (Specified Value) - 1 


2) 
Interlace Sync & Video Mode 


(Written Value) = (Specified Valuel -2 


3. COand C1 specify skew of CUDISP. 


DO and 01 specify skew of DISPTMG. 
When S is "1", 
V specifies video mode. S sPecifies the 
Interlace 
Sync Mode. 
4. 
B sPecifies the cursor blink. 
P specifies the cursor blink period. 


5. wvO...•wv3 specify the pulse width of Vertical Sync Signal. 


whO••.•wh3 sPecify the pulse width of Horizontal 
Sync Signal. 


6. 
AQ is ordinally 
programmed to be odd number in interlace mode. 
7. 0; Yes, x; No 
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• 
Address Register (AR) 
This is a S-bit register used to select 
18 internal 
control 


registers (Ro-RI7). 
Its contents 
are the address of one of 18 


internal control registers. Programming the data from 18 to 31 
produces no results. Access to Ro-RI7 
requires, first of all, to 
write the address of corresponding 
control 
register into this 


register. When RS and CS are at "Low" 
level, this register is 


selected. 


• 
Horizontel Totel Register (RO) 
This is a register used to program total number of horizontal 


characters per line including the retrace period. The data is 8-bit 
and its value should be programmed according to the specifi- 
cation of the CRT. When M is total number of characters,M·I 
shall be programmed 
to this register. When programming for 


interlace mode, M must be even. 


• 
Horizontel Displayed Register (R11 
This is a register used to program the number of horizontal 


displayed characters per line. Data is 8-bit and any number that 
is smaller 
than 
that 
of horizontal 
total 
characters 
can be 
programmed. 


• 
Horizontel Syne Position Register (R21 
This is a register used to program horizontal sync position as 


multiples of the character clock period. Data is 8-bit and any 
number that is lower than the horizontal total number can be 
programmed. When H is character number of horizontal Sync 
Position, H-l shall be programmed 
to this register. When pro- 


grammed value of this register is increased, the display position 
on the CRT screen is shifted to the left. When programmed 
value is decreased, the position is shifted to the right. Therefore, 
the optimum 
horizontal 
position 
can be determined 
by this 


value. 
• 
Sync Width Register (RJ) 
This is a register used to program the horizontal sync pulse 
width and the vertical sync pulse width. The horizontal 
sync 


pulse width is programmed in the lower 4-bit as multiples of the 
character clock period. "0" can't be programmed. The vertical 
sync pulse width 
is programmed 
in higher 4·bit as multiples 
of the raster period. When "0" is programmed in higher 4-bit, 
16 raster period (16H) is specified. 


• 
Vertical Totel Register (R4) 
This is a register used to program total number of lines per 


frame including vertical retrace period. The data is within 7-bit 
and its value should be programmed according to the specifica- 
tion of the CRTC. When N is total number of lines, N-I shall 
be programmed to this register. 


• 
Vertical Totel Adjust Register (R5) 
This is a register used to program the optimum number to 


adjust total number of rasters per field. This register enables to 
decide 
the 
number 
of 
vertical 
deflection 
frequency 
more 


strictly. 


• 
Vertical Displayed Register (R6) 
This is a register used to program the number of displayed 


character rows on the CRT screen. Data is 7-bit and any number 
that 
is smaller than that of vertical total characters 
can be 
programmed. 


VSW 


2' 
2" 
2' 
t' 
Pulse Width 


0 
0 
0 
0 
16H 


0 
0 
0 
1 
1 


0 
0 
1 
0 
2 


0 
0 
1 
1 
J 


0 
1 
0 
0 
4 


0 
1 
0 
1 
5 


0 
1 
1 
0 
6 


0 
1 
1 
1 
7 


1 
0 
0 
0 
8 


1 
0 
0 
1 
9 


1 
0 
1 
0 
10 


1 
0 
1 
1 
11 


1 
1 
0 
0 
12 


1 
1 
0 
1 
13 


1 
1 
1 
0 
14 


1 
1 
1 
1 
15 


HSW 


23 
2' 
2' 
2° 
Pulse Width 


0 
0 
0 
0 
-(Note) 


0 
0 
0 
1 
1 CH 


0 
0 
1 
0 
2 


0 
0 
1 
1 
3 


0 
1 
0 
0 
4 


0 
1 
0 
1 
5 


0 
1 
1 
0 
6 


0 
1 
1 
1 
7 


1 
0 
0 
0 
8 


1 
0 
0 
1 
9 


1 
0 
1 
0 
10 


1 
0 
1 
1 
11 


1 
1 
0 
0 
12 


1 
1 
0 
1 
13 


1 
1 
1 
0 
14 


1 
1 
1 
1 
15 
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• 
Vertical 
Sync 
Position 
Register 
(R7) 


This 
is a register 
used 
to program 
the vertical 
sync 
position 


on the screen 
as multiples 
of the horizontal 
character 
line peri- 


od. 
Data 
is 7-bit 
and 
any 
number 
that 
is equal 
to or less than 


vertical 
total 
characters 
can be programmed. 
When 
V is charac- 


ter 
number 
of vertical 
sync 
position, 
V-I 
shall be programmed 


to 
this 
register. 
When 
programmed 
value 
of 
t!tis 
register 
is in- 


creased, 
the 
display 
position 
is shifted 
up. 
When 
programmed 


value 
is decreased, 
the position 
is s!tifted 
down. 
Therefore, 
the 


optimum 
vertical 
position 
may be determined 
by t!tis value. 


• 
Interlace 
and Skew 
Register 
(RS) 


This 
is a register 
used 
to program 
raster 
scan mode 
and skew 


(delay) 
of CUDISP 
and DlSPTMG. 


Raster 
Scan Mode Program 
Bit (V, S) 
Raster 
scan mode 
is programmed 
in the V, S bit. 


v 
S 
Raster 
Scan Mode 


0 
0 


} Non-interlace 
Mode 
1 
0 


0 
1 
Interlace 
Sync 
Mode 


1 
1 
Interlace 
Sync & Video 
Mode 


[n 
the 
non-interlace 
mode, 
the 
rasters 
of even 
number 


field 
and 
odd 
number 
field are scanned 
duplicatedly. 
[n the 
interlace 
sync 
mode, 
the 
rasters 
of 
odd 
number 
field 
are 


scanned 
in 
the 
middle 
of 
even 
number 
field. 
Then 
it 
is 
controlled 
to 
display 
the 
same 
character 
pattern 
in 
two 
fields. 
[n the 
interlace 
sync 
& video 
mode, 
the 
raster 
scan 
method 
is the 
same 
as 
the 
interlace 
sync 
mode, 
but 
it is 


controlled 
to display 
different 
character 
pattern 
in two field. 


Skew 
Program 
Bit (C1, CO, 01, 
DO) 


These 
are 
used 
to program 
the 
skew 
(delay) 
of CUDISP 
and DlSPTMG. 


Skew 
of 
these 
two 
kinds 
of 
signals 
are 
programmed 


separately. 


01 
DO 
DISPTMG 


0 
0 
Non-skew 


0 
1 
One-character 
skew 


1 
0 
Two-character 
skew 


1 
1 
Non-output 


Table 
6 CUDISPSkew 
Bit (2', 26) 


CO 
CUDISP 


o 
Non-skew 


1 
One-character 
skew 


o 
Two-character 
skew 


1 
Non·output 


Skew 
function 
is 
used 
to 
delay 
the 
output 
timing 
of 


CUDISP 
and 
DlSPTMG 
in LS[ for the 
time to access refresh 


memory. 
character 
generator 
or 
pattern 
generator, 
and 
to 


make 
the same phase 
with 
serial video 
signal. 


• 
Maximum Raster Address Register (R9)* 
This 
is a register 
used 
to 
program 
maximum 
raster 
address 


within 
S-bit. 
T!tis 
register 
defmes 
total 
number 
of 
rasters 
per 


character 
including 
line 
space. 
This 
register 
is programmed 
as 


follows. 
Non-interlace 
Mode, 
Interlace 
Sync Mode 
When 
total 
number 
of 
rasters 
is RN, 
RN·I 
shall 
be 
pro- 


grammed. 
Interlace 
Sync 
& Video 
Mode 
When 
total 
number 
of 
rasters 
is RN, 
RN-2 
shall 
be 
pro- 
grammed. 


This manual 
defines 
total 
number 
of rasters 
in non-interlace 
mode, 
interlace 
sync 
mode 
and 
interlace 
sync & video 
mode 
as 


follows: 


o~---- 
1----- 
2----- 
3----- 


4~~~~~- 


Raster 
Address 


Non-interlace 
Mode 
Total 
Number 
of Rasters:S 
Programmed 
Value: 
Nr = 4 


(The 
same as displayed 
I 
total 
number 
of rasters 


o 
-- -- --- ---- 
-- - 0 
l-~~~~- 
----... -.----- I 
2~---- 
- - - - - - - - - - - - - - 
2 
3----- 


-------------- 
3 
4~---~- 


- - - - - - - - -- - - - - 4 
Raster 
Address 


Interlace 
Sync Mode 
Total 
Number 
of Rasters:S 
Programmed 
Value: 
Nr = 4 


( 


[n 
the interlace 
sync mode, 
) 


total 
number 
of rasters 
in 


both 
the even and odd fields 


is ten. 
On programming, 


the half of it is defmed 
as 


total 
number 
of rasters. 


0----- 
- 
_---- 


2 
. 


Interlace 
Sync & Video 
Mode 
Total 
Number 
of Rasters:S 
Programmed 
Value: 
Nr = 3 


( 
Total 
number 
of rasters 
) 


displayed 
in the even field 


and the odd field. 


4-~---- 


Raster 
Address 


• 
Cursor 
Start 
Raster 
Register 
(R 10) 
This 
is a register 
used 
to 
program 
the 
cursor 
start 
raster 


address 
by lower 
S-bit 
(2°-24) 
and the cursor 
display 
mode 
by 


!tigher 2-bit (2S 
,26)_ 


Cursor 
Display 
Mode 


Non-blink 


Cursor 
Non-display 


Blink 
16 Field Period 


Blink 
32 Field Period 


16 or 32 Field Period 


·See Comparison 
of HD6845S 
and HD6845R 
on page 40. 
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• 
Cursor End Raster Register (R111 
This is register used to program the cursor end raster address. 


• 
Start Address Register (R12. R131 
These 
are 
used 
to program 
the 
first address 
of refresh 
memory to read out. 


Paging and scrolling is easily performed 
using this register. 


This register can be read but the higher 2-bit (26, 27) of R 12 are 
always "0". 


• 
Cursor Register (R14. R151 
These two read/write registers stores the cursor location. The 
higher 2-bit (26,27) 
of Rl4 are always "0". 


• 
Light Pen Register (R16. R171 
These read only registers are used to catch the detection 
address of the light pen. The higher 2-bit (26,27) 
of RI6 are 
always "0". Its value needs to be corrected by software because 
there is time delay from address output of the CRTC to signal 
input LPSTB 'Pin of the CRTC in the process that raster is lit 
after address output 
and light pen detects it. Moreover, delay 
time shown in Fig. 2 needs to be taken into account. 


Restriction on Programming Internal Register 
1) o<Nhd<Nht 
+ I ~256 
2) 0 < Nvd < Nvt + I ::;;128 
3) 0 ~ Nhsp ~ Nht 
4) 0 ~ Nvsp ~ Nvt" 
5) 0 ~ NCSTART~ NCEND~ Nr (Non-interlace, Interlace sync 
mode) 
o ~ NCSTART~ NCEND~ Nr + I (Interlace sync & video 
mode) 


6) 2 ~ Nr ~ 30 (Interlace Sync &0 Video mode) 
7) 3 ~ Nht (Except non-interlace mode) 
5 ~ Nht (Non·interlace mode only) 
• 
In the interlace mode, pulse width is changed ±Y1raster time when 
vertical sync signal extends over two fields. 


Notes for Use 
The method of directly using the value programmed in the 
internal registers of LSI for controlling 
the CRT is adopted. 


Consequently, 
the display may flicker on the screen when the 
contents 
of the registers are changed from bus side asynchro- 
nously with the display operation. 
Cursor Register 
Writing into this register at frequent intervals for moving the 
cursor 
should 
be 
performed 
during horizontal 
and vertical 
retrace period. 
Start Address Register 
Writing into the start address register at frequent intervals for 
scrolling and paging should be performed during horizontal and 
vertical display period. 
It is desirable to avoid programming other registers during 
display operation. 


• 
Time Chart of CRT Interface Signals 
The following example shows the display operation in which 
values 
of Table 
8 are 
programmed 
to the CRTC internal 
registers. Fig. 7 shows the CRT screen format. Fig. 10 shows the 
time chart of signals output from the CRTC. 
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Register 
Register 
Name 
Value 
Register 
Register 
Name 
Value 


RO 
Horizontal 
Total 
Nht 
R9 
Max Raster 
Address 
Nr 


Rl 
Horizontal 
Displayed 
Nhd 
R10 
Cursor 
Start 
Raster 


R2 
Horizontal 
Sync 
Position 
Nhsp 
Rll 
Cursor 
End Raster 


R3 
Sync Width 
Nvsw. Nhsw 
R12 
Start 
Address 
(H) 
0 


R4 
Vertical 
Total 
Nvt 
R13 
Start 
Address 
(L) 
0 


R5 
Vertical 
Total 
Adjust 
Nadj 
R14 
Cursor 
(H) 


R6 
Vertical 
Displayed 
Nvd 
R15 
Cursor 
(Ll 


R7 
Vertical 
Sync 
Position 
Nvsp 
R16 
Light Pen (H) 


R8 
Interlace 
& Skew 
R17 
Light Pen (L) 


The 
relation 
between 
values 
of 
Refresh 
Memory 
Address 
(MAo-MA13) 
and 
Raster 
Address 
(RAo-RA.) 
and the display 


position 
on 
the 
screen 
is shown 
in Fig. 
16. Fig. 16 shows 
the 


case where 
the value of Start 
Address 
is O. 


•• 
Interlace 
Control 
Fig. 
8 
shows 
an 
example 
where 
the 
same 
character 
is 


displayed 
in the 
non-interlace 
mode, 
interlace 
sync 
mode, 
and 
in terlace 
sync & video 
mode. 


Non·interlace 
Modo Control 


0 


1 " 
" 
2 " 
" 
3 " 
8 


4 
8 
8 


5 
8 " " 
8 
II " " 
6 
II 
" 
7 
" 
II 
8 " 
" 
9 
8 
8 
A 
8 


~=:t == =~---- ~ = =--:i-~~ 1 
4 
8 
8 
--0-0-.-0-0'0-00--5 
rne 
#0 
6 
0 
0 
I 
-~--- 
---- 
- -----0---7 


8 
" 
8 
A--e----- 
-------0-·-9 


o =-.:.=-------------------~--=~ 1 
2 
8 
" 
- -" - - - - - -- - - - - - ••.-- 3 


4 
" 
" 
- ..•..•-.-0-.-0--0---5 
line#1 


6 
" 
" 
8--:-- - -- - - -- -- t'-7 
A-~-----------o--9 
-------------------8 


Interlace 
Sync & Video 
Mode 
(Total number of rasters in a line is even.) 


In 
non-interlace 
mode, 
each 
field 
IS scanned 
duplicatedly. 


The values 
of raster 
addresses 
(RAo-RA.) 
are counted 
up one 


fromO. 
Interlaco 
Sync Mode 
Control 
In the 
interlace 
sync 
mode, 
raster 
addressed 
in the even field 


and the 
odd 
field are the 
same 
as addressed 
in the non-interlace 


mode. 
One 
character 
pattern 
is displayed 
mutually 
and its dis- 


played 
position 
in the 
odd 
field 
is set at 1{2 raster 
space down 


from 
that 
in the even field. 


0-------- 
---- ---- 
-----------0 
1 
II 
II 
--0--- --- - - ---0-·1 
2 
8 
•• 
- -0- - -- - ---- --"--2 
3 
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•• 
--11- 
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- - - --- 
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5 
Q e 
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0 
6 --:- 
••-11-11- ••- ••.. :---5 


--e- - -- - -- -----0---6 
7---+- 
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--0---7 
8 
8 
•• 
- .••- - - - - - - - - - .• -- 8 
9 
e 
•• 
--0- 
------ 
--.--0--- 
9 
A--------- 
---- - - - ------ 
- ---A 
8--------- 
- --------------- 
8 


~=--I-----~------,,------~-----~---~--~-=·-i~--~ 
:] 
line #0 
6_:8 __---------.8-- 
7 
8 --8-- 
n 
!__ 
9 
>-e---- 
h.__0] 


3 - -: 
- 
on 
on 
- 
- 
-- t-- 
2 


5 --:- 
-,,--e- e 


n 


.- 
e-~-- 
4 
line #1 


--0- 
---------- 
••.. - 6 
~J-_-_-_-_-~_-~_-~J=:~ 
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Interlace Sync & Video Mode Control 


In interlace sync & video mode, the output 
raster address 


when the number of rasters is even is different from that when 
the number of rasters is odd. 


Table 9 The Output of Raster Address in 


Interlace Sync & Video Mode 


Field 


Even 
Even Line" 
Odd Line" 


Even Address 
Even Address 
Odd Address 


Odd Address 
Odd Address 
Even Address 


I) Total number of rasters in a line is even; 
When number 
of rasters is programmed 
to be even, even 


raster address is output in the even field and odd raster address 
is output in the odd field. 
2) Total number of rasters in a line is odd; 
When total number of rasters is programmed to be odd, odd 


and even addresses are reversed according to the odd and even 
lines in each field. In this case, the difference in numbers of dots 
displayed between even field and odd field is usually smaller the 
case of I). Then interlace can be displayed more stably. 
[NOTE1 The wide disparity of dots between number of dots 


between 
even field and odd field influences beam 


current of CRT. CRT, which has a stable high-voltage 
part, can make interlace display normal. On the con- 
trary, 
CRT, which has unstable 
high-voltage part, 
moves deflection angle of beam current and also dots 
displayed in the even and odd fields may be shifted. 
Characters 
appears 
distroting 
on a border 
of the 
screen. So 2) programming has an effect to decrease 
such evil influences 
as mentioned 
above. Fig. 13 
shows fine 
chart 
in each mode when interlace is 
performed. 


• 
Cursor Control 
Fig_ 9 shows 
the 
display 
patterns 
where each value is 


programmed 
to the cursor start raster register and the cursor 
end raster register. Programmed values to the cursor start raster 
register and the cursor end raster register need to be under the 
following condition. 
Cursor Start Raster Register ~ Cursor End Raster Register ~ 
Maximum Raster Address Register. 
Time chart ofCUDlSP is shown in Fig. 14 and Fig. 15. 
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Output 
waveform of horizontal & vertical diSPlay) 
in the case where values shown in Table 8 are 


Programmed 
to each 
register. 


Fltme 
Period 
TFRM 


-INvT'lI·Tl'T..:iJ 


TIld. 
F,ne 
Ad,US1ITltnl 
Pe"odof 
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T.cIJ. 
NIldJ,T, 


Tvtw 
Ven,c,ISVnc 


PulseW'dlh 
Tvsw ~ Nvsw' T, 


Fine Adjustment 
Period of 


Frame 
Period 


Taclj· 
Nedj' 
Tr 


Figure 12 Fine Adjustment 
Period of Frame in Vertical 
Display 


(Expansion 
of Fig. 10- <8» 
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{NOTE) 


( 


Cursor 
regISter' 
Nhd+2 
) 


Cursor 
Start 


Raster 
Register 
= 1 


Cursor End 


Raster 
Register 
c 3 


are Programmed 
in cursor display mode. 


In blink mode, it is changed into display or 
non.cJisplay mode when field period is 16 or 
32·time period. 


0 
1 
Hhd-' 
Nhd 
••••• 
: 
I 
I 
I 
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I 
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0 
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Hhd-' 
Nhd 
Nh. 
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2Nhd-l 
2Nhd 
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)) 


Valid refre'" 
memo<yaddress 
IG-Nvd-Nh.H 
I 
Me shown within the thick~ine 
square. 


Refresh memory addressare provided ~n 
during 
horizontal 
and Verticil 
retrace 
period. 
This is an example 
in the case where 
the 


programmed 
value 
of sta1: address 
register 
is O. 


• 
Interface to MPU 
As shown in Fig. 17, the CRTC is connected with the stand- 


ard bus of MPU to control the data transfer between them. The 
CRTC address is determined by CS and RS, and the Read/Write 
operation 
is controlled 
by R/W and E. When CS is "Low" 


and RS is also "Low", 
the CRTC address register is selected. 
When ES is "Low" and RS is "High", one of 18 internal regis- 


ters is selected. 
RES is the system reset signal. When RES becomes "Low", 


the CRTC internal control logic is reset. But internal registers 
shown in Table I (RO- R17) are not affected by RES and rema- 
in unchanged. 


The CRTC is designed so as to provide an interface to micro- 


computers, 
but adding some external circuits enables an inter- 
face to other data sources. 


Ao - 
A15 
RS 


VMA 
cs 


R/W 
RtW 


HD6800 
CRTC 


MPU 
E 


Do - 
07 
°0-0, 


RES 
RES 


• 
Dot Timing Generating Circuit 
CRTC's CLK input (21 pin) is provided with CLK which 
defines 
horizontal 
character 
time period 
from the 
outside. 


This CLK is generated by dot counter 
shown in Fig. 18. Fig. 


18 shows a example of circuit where horizontal 
dot number 
of the character is "9". Fig. 19 shows the operation time chart 


of dot counter 
shown in Fig. 18. As this example shows ex- 


plicitly, CLK is at "Low" level in the former half of horizontal 
character time and at "High" level in the latter half. It is neces- 
sary to be careful so as not t~ mistake this polarity. 


} 
to PIS SHI FT 


REGISTER 
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• 
INTERFACE 
TO DISPLAY 
CONTROL 
UNIT 
Fig. 20 shows the interface between the CRTC and display 
control 
unit. 
Display 
control 
unit 
is mainly 
composed 
of 
Refresh Memory, 
Character 
Generator, 
and 
Video Control 
circuit. 
For 
refresh 
memory, 
14 
Memory 
Address 
line 
(0'-16383) 
max are provided and for character 
generator, 5 
Raster Address line (0-31) 
max are provided. For video control 


circuit, 
DISPTMG, CUDISP, HSYNC, and VSYNC are sent 


out. 
DISPTMG is used to control 
the blank period of video 
signal. CUDISP is used as video signal to display the cursor on 
the CRT screen. Moreover, HSYNC and VSYNC are used as 
drive signals respectively for CRT horizontal and vertical deflec- 
tion circuits. 


Outputs from video control circuit, (video signals and sync 
signals) are 
provided 
to 
CRT 
display 
unit 
to control 
the 
deflection and brightness of CRT, thus characters are displayed 
on the screen. 


Fig. 21 shows detailed block diagram of display control unit. 


This shows how to use CUDISP and DISPTMG. CUDISP and 
DISPTMG should be used being latched 
at least one time 


at external flip·flop FI and F2. Flip-flop FI and F2 function 
to make one·character 
delay time so as to synchronize them 


with 
video signal from 
parallel-serial converter. 
High·speed 


D type flip-flop as TTL is used for this purpose. After being 
delayed 
at FI 
and F2 DISPTMG is AND-ed with character 


video signal, and CUDISP is Or-ed with output 
from AND 


gate. By using this circuitry, blanking of horizontal and vertical 
retrace 
time is controlled. 
And cursor video is mixed with 
character video signal. 


Fig. 21 shows the example in the case that both refresh 


memory and Character Generator can be accessed for horizontal 
one character time. Time chart for this case is shown in Fig. 24. 
This method 
is used when a few character needed to be dis- 


played in horizontal direction on the screen. 
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When 
many 
characters 
are displayed 
in horizontal 
direction 


on 
the 
screen, 
and 
horizontal 
one·character 
time 
is so short 


that 
both 
refresh 
memory 
and 
Character 
Generator 
cannot 
be 
accessed, 
the circuitry 
shown 
in Fig. 22 should 
be used. 
In this 
case 
refresh 
memory 
ou tput 
shall 
be 
latched 
and 
Character 


Generator 
shall 
be accessed 
at 
the 
next 
cycle. 
The 
time 
chart 


in this case is shown 
in Fig. 25. CUDISP 
and DISPTMG 
should 


be provided 
after 
being 
delayed 
by one-character 
time by using 
skew 
bit 
of 
interlace 
& skew 
register 
(R8). 
Moreover, 
when 


there 
are 
some 
troubles 
about 
delay 
time 
of MA during 
hori· 


zontal 
one-character 
time 
on 
high·speed 
display 
operation, 


system 
shown 
in Fig. 23 is adopted. 
The 
time chart 
in this case 


is shown 
in Fig. 
26. Character 
video 
signal 
is delayed 
for two- 


character 
time 
because 
each 
MA outputs 
and 
refresh 
memory 


outputs 
are 
latched, 
and 
they 
are made 
to be in phase 
with 
CUDISP 
and 
DISPTMG 
by 
delaying 
for 
two·character 
time. 


Table 
10 shows 
the circuitry 
selection 
standard 
of display 
units. 


Block 


Interlace 
& Skew 
Register 


Case 
Relation 
among 
tCH Refresh 
Memory 
and Character 
Generator 
Diagram 
Bit Programming 


C1 
CO 
01 
DO 


1 
tCH > RM Access 
+ CG Access 
+ tMAD 
Fig. 21 
0 
0 
0 
0 


2 
RM Access 
+ CG Access 
+ tMAD ~ tCH > RM Access 
+ tMAD 
Fig. 22 
0 
1 
0 
1 


3 
RM Access 
+ tMAD ~ tCH > RM Access 
Fig. 23 
1 
0 
1 
0 


tCH : CHCP Period; tMAD: 
MA Delay 


AM: Refresh Memory 
CG: Character Generator 


F2 
o 
a 


T 
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• 
HOW TO 
DECIDE 
PARAMETERS 
SET 
ON THE 
CRTC 


• 
How 
to 
Decide 
Parameters 
Based 
on 
Specification 
of CRT 
Display 
Unit 
(Monitor) 
Number 
of Horizontal 
Total 
Characters 


Horizontal 
deflection 
frequency 
fh is given 
by specification 


of CRT 
display 
unit. 
Number 
of horizontal 
total 
characters 
is 


determined 
by the following 
equation. 


I 


te (Nht + I) 


where, 


te 
Nhl 
Cycle Time 
of CLK (Character 
Clock) 


Programmed 
Value 
of Horizontal 
Total 
Register 


(RO) 


Number 
of Vertical 
Total 
Characters 


Vertical 
deflection 
frequency 
is given 
by 
specification 
of 
CRT 
display 
unit. 
Number 
of 
vertical 
Total 
characters 
is 


determined 
by the following 
equation. 
I) 
Non-interlace 
Mode 
Rt = (Nvt + I)(Nr 
+ 1) + Nadj 
2) 
Interlace 
Sync 
Mode 
Rt = (Nvt + I)(Nr 
+ I) + Nadj + 0.5 
3) 
Interlace 
Sync & Video 
Mode 
- 


(Nvt + 1) (Nr + 2). + 2Nadj 


Rt= 
2 


Rt = (Nvt + I) (Nr + 2) + 2Nadj 
+1 


2 


(a) 
is applied 
when 
both 
total 
numbers 
of 
vertical 
characters 


(Nvt + I) and that 
of rasters 
in a line (Nr + 2) are odd_ 


(b) is applied 
when 
total 
number 
of rasters 
(Nr + 2) is even, or 


when 
(Nr + 2) is odd 
and 
total 
number 
of vertical 
characters 
(Nvt + 1) is even. 


where, 


Rt 
Number 
of Total 
Rasters 
per frame 
(Including 
retrace 
period) 


Programmed 
Value 
of Vertical 
Total 


Register 
(R4) 


Programmed 
Value 
of Maximum 
Raster 


Address 
Register 
(R9) 


Programmed 
Value 
of Vertical 
Total 
Adjust 


Register 
(R5) 


Horizontal 
Sync 
Pulse Width 
Horizontal 
sync 
pulse 
width 
is programmed 
to 
low 
order 


4-bit 
of horizontal 
sync width 
register 
(R3) 
in unit 
of horizontal 


character 
time. 
Programmed 
value can be selected 
within 
from 
I 


to 15. 


~HITACHI 


Hitachi 
America 
Ltd .• 
2210 O'Toole 
Avenue 
• 
San Jose, 
CA 95131 
• 
(408) 435-8300 


Horizontal Sync Position 
As shown in Fig. 27, horizontal 
sync position is normally 


selected to be in the middle of horizontal 
retrace period. But 
there 
are some cases where is optimum 
sync position is not 
located in the middle of horizontal retrace period according to 
specification 
of 
CRT. 
Therefore, 
horizontal 
sync 
position 


should be determined by specification of CRT. Horizontal sync 
pulse position 
is programmed 
in unit of horizontal 
character 


time. 


I 


OISf'TMG -.J 
I 
L-- 
I-::.;.;:~:~:..., 
--+~:~~n,'.'.I,:+- 
~;I:n,,:,l;od~ 


Vertical Sync Pulse Width 
Vertical-Sync Pulse Width is programmed to high order 4·bit 


of vertical 
sync pulse width 
register (RJ) 
in unit of raster 


period. Programmed value can be selected within from 1 to 16. 


Vertical Sync Position 
As shown 
in Fig. 28, vertical 
sync position 
is normally 
selected to be in the middle of vertical 
retrace period. But there 
are some cases where its optimum sync position is not located in 
the middle of vertical retrace period according to specification 
of CRT. Therefore, vertical sync position should be determined 
by specification 
of CRT. Vertical sync pulse position is pro· 
grammed to vertical sync posilion register (R7) in unit of line 
period. 


• 
How to Decide Parameters Based on Screen Format 


Dot Number of Characters (Horizontal) 
Dot number 
of characters 
(horizontal) 
is determined 
by 


character font and character space. An example is shown in Fig. 
29. More strictly, dot number of characters (horizontal) 
N is 


determined 
by external 
N-counter. 
Character 
space is set by 


means shown in Fig. 30. 
Dot Number of Characters (Vertical) 
Dot 
number 
of 
characters 
(vertical) 
is 
determined 
by 
characters font and line space. An example is shown in Fig. 29. 
Dot number of characters (vertical) is programmed to maximum 
raster address (R9) of CRTC. 


r--- Vertical 
~ 
Vertical~ 
Vertical 
.------i 


I 
Display Period 
I 
Retrace Period 
I 
Display Period 
I 


DISPTMG--.J 
I I 
JJ 
I 
I 
I 
I I 
I 
J~ 
1-·, 
Frame 
.1 


"- 
• 
•• • • • 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• ••• 
• • ••• •• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • ••• 


Don Number of 
rHorizontal 
Character 


Dot Number of 
Vertical 
Characters 
(Number 
of Rasters) 


} 


Line 
Space 


{ 


Dot 
Number of Horizontal Characters 
10 
Dot 
Number of Vertical 
Characters 
13 
7x9 Character generator is used. 
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Character 
Font 
\• • • •• 
• 
• 
• 
• 
• 
• 
• • •• 
• 
• 
• 
• 
• 
• 
• • • • • 


"0" 
..0••••0.. 


I 
I I 


I 
I 
I 
I 
I 
I 
I 
I 


I 
Io ".-, 
0' "O'~M" o,•••••~ ,~,~". 


fC 


+ 
Horizontal 
Display Period 
L-- 
Horizontal 
Character Time = ---------------- 
Number of Horizontal 
Displayed Characters 


Number of Horizontal 
Displayed 
Characters 


Number of horizontal displayed characters is programmed to 
horizontal 
displayed register (RI) 
of the CRTC. Programmed 


value is based on screen formal. 
Horizontal 
display period, 


which is given by specification 
of horizontal 
deflection 
fre- 
quency 
and horizontal 
retrace 
period 
of CRT display unit, 
determines horizontal character time, being divided by number 
of horizontal displayed characters. Moreover, its cycle time and 
access time which are necessary for CRT display system are 
determined by horizontal character time. 
Number 
of Vertical 
Displayed 
Characters 


Numb~r of vertical displayed characters is programmed to 
vertical displayed register (R6). Programmed value is based on 
screen format. As specification of vertical deflection frequency 
of CRT determines number of total rasters (Rt) including verti- 


cal retrace period and the relation between number of vertical 
displayed character and total number of rasters on a screen is 
as mentioned 
above, CRT which is suitable for desired screen 
format should be selected. 


For optimum screen format, it is necessary to adjust number 
of rasters per line, number of vertical displayed characters, and 
total 
adjust 
raster 
(Nadi) 
within 
specification 
of 
vertical 


deflection frequency. 
. 


Scan Mode 
The CRTC can program three-scan modes shown in Table II 


to interlace mode register (R8). An examph of character display 
in each scan mode is shown in Fig. 8. 
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v 
S 
Scan Mode 
Main Usage 


0 
0 
Normal 
Display 
of Characters 
Non-interlace 


1 
0 
& Figures 


0 
1 
Interlace 
Sync 
Fine Display 
of Characters 


& Figures 


Interlace 
Sync 
Display 
of Many Characters 


1 
1 
& Figures 
Without 
Using 
& Video 
High-resolution 
CRT 


[NOTE] 
In 
the 
interlace 
mode, 
the 
number 
of 
times 
per 


sec. 
in raster 
scanning 
on 
one spot 
un the 
screen 


is 
half 
as 
many 
as 
that 
in non-interlace 
mode. 


Therefore, 
when 
persistence 
of 
luminescence 
is 
short, 
f1ickering 
may 
happen. 
It 
is necessary 
to 


sciect 
optimum 
scan 
mode 
for the system, 
taking 
characteristics 
of 
CRT, 
raster 
scan 
speed, 
and 


number 
of 
displayed 
characters 
and 
figures 
into 
account. 


Cursor 
Display 
Method 


Cursor 
start 
raster 
register 
and 
cursor 
end 
rasler 
register 


(R 10, 
Rll) 
enable 
programming 
the 
display 
modes 
shown 
in 


Table 
7 and 
display 
patterns 
shown 
in Fig. 
9. Therefore, 
it is 


possible 
to 
change 
the 
method 
of 
corsor 
display 
dynamically 


according 
to 
the 
system 
condilions 
as well 
as 
to 
realize 
the 
cursor 
display 
that 
meets 
the system 
requirements. 


Start 
Address 
Start 
address 
resisters 
(R 12, 
R 13) 
give 
an 
offset 
to 
the 


address 
of refresh 
memory 
to read 
out. 
This enables 
paging and 


scrolling 
easily. 


Cursor 
Register 


Cursor 
registers 
(RI4, 
RIS) 
enable 
programming 
the cursor 
display 
position 
on the screen. 
As for cursor 
address, 
it is not 
X, 


Y address 
but linear 
address 
that 
is programmed. 


• 
Applications 
of the CRTC 


• 
Monochrome 
Character 
Display 
Fig. 
32 shows 
a system 
of 
monochrome 
character 
display. 


Character 
clock 
signal 
(CLK) 
is provided 
to the CRTC 
through 
OSC 
and 
dot 
counter. 
It 
is used 
as basic 
clock 
which 
drives 


internal 
control 
circuits. 
MPU is connected 
with 
the CRTC 
by 


standard 
bus 
and 
controls 
the 
CRTC 
initialization 
and 
read/ 


write 
of internal 
registers. 
Refresh 
memory 
is composed 
of RAM which 
has capacity 
of 


one 
frame 
at least 
and 
the 
data 
to 
be displayed 
is coded 
and 


stored. 
The 
data 
to refresh 
memory 
is changed 
through 
MPU 


REFRESH 
MEMORY 
(RAM) 


DISPTMG 
0 
CUDISP 
VIDEO 
VIDEO 
SYNC 
HSYNC 
CONTROL 
SIGNAL 
0 
0 
VSYNC 
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bus, while refresh memory is read out successively by the CRTC 
to display a static pattern 
on the screen. Refresh memory is 


accessed by both MPU and the CRTC, so it needs to change its 
address 
selectively 
by 
multiplexer. 
The CRTC has 
14 MA 


(Memory Address output), 
but in fact some of them that are 
needed are used according to capacity of refresh memory. 


Code output 
of refresh memory 
is provided to character 
generator. 
Character 
generator 
generates 
a dot pattern 
of a 
specified raster of a specified character in parallel according to 
code output 
from refresh memory 
and RA (Raster 
Address 


output) 
from the CRTC. Parallel-serial converter is normally 


composed 
of 
shift 
register to convert 
output 
of character 
generator 
into 
a serial dot 
pattern. 
Moreover, 
DISPTMG, 


CUDISP, HSYNC, and VSYNC are provided to video control 
circuit. It controls blanking for output 
of parallel-serial con- 
verter, mixes these signals with cursor video signal, and gene- 
rates sync signals for an interface to monitor. 


• 
Color Character 
Display 
Fig. 33 shows a system of color character display. In this 


example, a 3-bit color control bit (R, G, B) is added to refresh 
memory in parallel with character code and provided to video 
control circuit. Video control circuit controls coloring as well 
as blanking and provides three primary color video signals (R, 
G, B sigrtals) to CRT display device to display characters in 
seven kinds of color on the screen. 


REFRESH 
MEMORY 
IRAM) 


R. VIOEO 


G. VIDEO o 


• 
Color Iimited Graphic 
Display 
Limited graphic display is to display simple figures as well as 


character 
display by combination 
of picture element which 
are defmed in unit of one character. 


As shown in Fig. 34, graphic pattern generator is set up in 
parallel with character 
generator 
and output 
of these gener- 
ators are wire'()Red. 
Which generator is accessed depends on 


Figure 33 Color Character Display 


coded output of refresh memory. 


In this example, graphic pattern generator adopts ROM, so 


only the combination 
of picture elements which are program- 


med to it is used for this graphic display system. Adopting RAM 
instead of ROM enables dynamically writable symbols in any 
combination on one display by changing the contents of them. 
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REFRESH 
MEMORY 
(RAM) 


R. VIDEO 


G. VIDEO o 
HSYNC 


VSYNC 
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• 
Monochrome Full Graphic Display 
Fig. 35 shows a system of monochrome full graphic display. 
While simple graphic display is figure display by combination of 
picture elements in unit of I picture elements, full graphic dis- 
play is display of any figures in unit of I dot. In this case, 


refresh memory is dot memory that stores all the dot patterns, 
so its output 
is directly provided to parallel-serial converter to 


be displayed. Dot memory address to refresh the screen is set 
up by combination of MA and RA of CRTC. 


o 


~HITACHI 


Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 


Fig. 36 shows an example 
of access to refresh memory 
by combination of MA and RA. Fig. 36 shows a refresh memory 
address method 
for full graphic display. Correspondence 
be- 


tween dot on the CRT screen and refresh memory address is 
shown in Fig. 37. 


RA, 
RA, 
RA, 


CRTC 
MA. 
MA, 
MA, 
MA, 
MA, 
MA. 


~I 


MA, 
MA, 
MA, 
MA, 
- 


ma12 
mall 


maiO 
rna. 
rna, 
rna, 
rna, 
rna, 
rna. 
rna, 
rna, 
rna, 
rna, 


y'e 
- 
" 
I I Inil I 
1 
31 


32 
33 
63 
64 
65 
95 
96 
97 
127 


224 
225 
255 


, 


, 
: 


6112 
6113 
6148\ 


24 lines 
x 8 rasters 
,. 192 rasters 
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• 
Color Full Graphic Display 
Fig. 38 shows a system of color full graphic display by 7- 
color 
display.· Refresh 
memory 
is composed 
of three 
dot 
memories which are respectively used for red, green, and blue. 
These dot memories are read out in parallel at one time and 


their output is provided to three parallel-serial converters. Then 
video control 
circuit adds the blanking control 
to output 
of 


these converters and provides it to CRT display device as red, 
green, and blue video signals with sync signals. 


B 
G 
R 


RED 
VIDEO 


GREEN 
VIDEO 
BLUE 
VIDEO o 


• 
Cluster Control 
of CRT Display 
The CRTC enables· cluster control that is to control CRT 
display of plural devices by one CRTC. Fig. 39 shows a system 
of cluster control. Each display control unit has refresh memory, 
character generator, 
parallel~erial converter, and video control 


circuit 
separately, 
but 
these are controlled 
together 
by the 
CRTC. 
In this system, it is possible for plural CRT display devices to 
have their own display separately. 
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• 
EXAMPLES 
OF APPLIED 
CIRCUIT 
OF THE CRTC 


Fig. 
41 
shows 
an example 
of application 
of 
the 
CRTC 
to 


monochrome 
character 
display. 
Its 
specification 
is shown 
in 


Table 
12. Moreover, 
specification 
of CRT 
display 
unit 
is shown 


in Table 
13 and 
initializing 
values 
for the CRTC 
are shown 
in 


Table 
14. 


Item 
Specification 


Character 
Format 
5 x 7 Dot 


Character 
Space 
Horizontal: 
3 Dot Vertical: 
5 Dot 


One Character 
Time 
11ls 


Number 
of Displayed 
Characters 
40 characters 
x 16 lines = 640 characters 


Access 
Method 
to Refresh 
Memory 
Snychronous 
Method 
(DISPTMG 
Read) 


Refresh 
Memory 
640 B 


2's 
2'" :213 
2" 
2" 
2'0 
2' 
28 
27 
26 
2s 
2" 
23 
22 
2' 
20 


Refresh 
0 
0 
0 
0 
0 
0 . . . . . . . . . . 


Memory 


CRTC 
Address 
Map 
Address 
0 
0 
0 
1 
0 
0 
x 
x 
x 
x 
x 
x 
x 
x 
x 
0 


Register 


CRTC 
Control 
0 
0 
0 
1 
0 
0 
{ 
, 
x 
x 
x 
x 
, 
x 
x 
1 


Register 


x· .. don't care, . .. 
Oor 
1 


Synchronization 
Method 
HVSYNC 
Method 


Item 
Specification 


Scan Mode 
Non-interlace 


Horizontal 
Deflection 
Frequency 
15.625 
kHz 


Vertical 
Deflection 
Frequency 
60.1 
Hz 


Dot Frequency 
8 MHz 


Character 
Dot (Horizontal 
x Vertical) 
8 x 12 (Character 
Font 
5 x 7) 


Number 
of Displayed 
Characters 
(Row x Line) 
40x 
16 


HSYNCWidth 
41ls 


VSYNCWidth 
3H 


Cursor 
Display 
Raster 
9 - 
10, Blink 
16 Field 
Period 


Paging, 
Scrolling 
Not used 
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Register 
Name 
Symbol 
Initializing 
Value 
Hex (Decimal) 


AO 
Horizontal 
Total 
Nht 
3F 
(63) 


At 
Horizontal 
Displayed 
Nhd 
28 
(40) 


A2 
Horizontal 
Sync Position 
Nhsp 
34 
(52) 


A3 
Sync Width 
Nvsw, Nhsw 
34 


A4 
Vertical 
Total 
Nvt 
14 
(20) 


A5 
Vertical 
Total 
Adjust 
Nadj 
08 
( 8) 


A6 
Vertical 
Displayed 
Nvd 
10 
(16) 


A7 
Vertical 
Sync Position 
Nvsp 
13 
(19) 


AS 
Interlace & Skew 
00 


A9 
Maximum 
Raster Address 
Nr 
OB 
(11) 


AtO 
Cursor Start Raster 
B, P, NCSTART 
49 


Alt 
Cursor End Raster 
NCEND 
OA 
(10) 


A12 
Start Address (H) 
00 
( 0) 


A13 
Start Address (L) 
00 
( 0) 


R14 
Cursor (H) 
00 
( 0) 


A15 
Cursor (L) 
00 
( 0) 
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• 
DISPLAY SEQUENCE AFTER m RELEASE OF HD8846S (I) 
HD6845S starts the display operation immediately after the 
release of m. The operation at the first field is different from 
(2) 
the normal subsequent display operation. 
[Operation at the first field after the m release) 
(3) 


DlSPTMG and CUDISP are not output. (They remain at 
"Low"level. The display is inhibited.) 
The data programmed in the start address register Is not 
used. (MA and RA start at "0",) 
The sequences are shown in the following figures, 


RA. 
-g:;;x x;:;:r-~ 
Y;;f- 


VSYNC 
n 
Ad'UlI 
n 
n 
n... 


I 
E~n,Field 
E•••• 
nField 
F'jme------O- 
••-F-••-Id------: 


wl-: 
-----.-YO-n 


RA'~ 
y x;;;r:r;;t:;X ~ 
~ 
~ 
~ 


VSYN~C~I1> 
•••••h -_ 
liNvI 
__ 
\_ ~A_d_'U_"'_--.T 
__ ----.r-----iNvt 
__ 
'\_~A_:d_J~U._:l_"_0_"_'_ ·'--fil-----"_Nvt_ \__ AA:_d~j_U"'_I_ 
"_'_ 
"_2 


VSYN_C_<Il 
h'-- 
~n 
~h 
_ 


VSYNC~ 
Interlee. 
Sync Control 


Interl.ee 
Sync 
&. VIdeo Control 
(Nr+2=Even) 


Interlace Sync &. VIdeo Control 
(Nr+2=Odd, 
Nvt""'Odd. Nvsp""Even) 


VSYNCS 
Interlece Sync &. V,deo Control 
(Nr+2:0dd. 
Nvt=Odd, 
Nvsp-Odd) 


Figure 44 
RES Release Sequence in The Interlace 
Mode (1) 


I 
Event~d 
EvenField 
Fr'l 
OddField-----1-: ---- ...n--- 
RA'-g:;;x¥~~~~~ 


Adjust 
: 
AdJust: 
: 
Adjust 
, 
: 
I I 


VSYN_C_C 
n 
~r-------------rJ1--- 
_ 


VSYN~c~q) 
~h~ 
h~ 
~h 
_ 
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Register 
Register Name 
Anomalous operations causedby rewriting registers & Conditions to avoid 
Rewriting·· 


# 
those operations 
OK or NG 


RO 
Horizontal 
Total 
The horizontal 
scanperiod is disturbed. 
X 


Rl 
Horizontal 
Displayed 
There are some caseswhere the width of DISPTMG becomes shorter than the 
0 


programmed value at the moment of a rewrite operation. 
An error operation 


occurs only during one raster period. 


R2 
Horizontal 
There are some caseswhere HSYNC is placed on the position different 
from 
X 


Sync Position 
the programmed value or the noise is output. 


R3 
Sync Width 
When a rewrite operation is performed at a "High" 
level on HSYNC pulse or VSYNC 
/'). 


pulse, there are some caseswhere the width pulse becomes shorter than the 
programmed value at the moment of a rewrite operation. 


R4 
Vertical Total 
When a rewrite operation is performed during the last raster period in the line, there is 
/'). 
a possibility that the disturbance occurs during the vertical scan period. There is no 
problem of a rewrite operation during raster period except this period. 


R5 
Vertical Total 
When a rewrite operation is performed in the last character time of the raster period, 
/'). 
Adjust 
there are some caseswhere the numbers of Adjust Raster, specified by program, are 
not added. (Only during the adjust raster period) 


R6 
Vertical Displayed 
After the moment of a rewrite operation, there are some caseswhere the Display is 
0 
inhibited. 
However, the display according to the programmed value is performed 


from the next field. 


R7 
Vertical Sync 
There are some caseswhere VSYNC is placed on the position different 
from the 
X 


Position 
programmed value or the noise is output. 


RS 
Interlace & Skew 
Neither scan mode bit nor skew bit is rewritten dynamically. 
X 


Dynamic Rewrite into scan mode bit and skew bit is prohibited. 


R9 
Maximum Raster 
The internal operation 
will be disordered by a rewrite operation. 
X 


Addre~:i 
R10 
Cursor Start Raster 
When a rewrite operation is performed in the last character time of the raster 
/'). 


period, there are some caseswhere the jitter occurs on the cursor raster or the cursor 
is not displayed correctly. There is also a possibility 
that the blink rate becomes 


temporally 
shorter than usual. 


Rll 
Cursor End Raster 
When a rewrite operation is performed in the last character time of the raster period, 
/'). 


there are some caseswhere the jitter occurs on the cursor raster or the cursor 
is not displayed correctly. Moreover, there are also some caseswhere the blink rate 
becomes temporally 
shorter than normal operation. 
R12 
Start Address (H) 
R12 and R13 are used in the last raster periOd of the field. A rewrite operation can 
0 


be performed except during this period. However, when R12 and R13 are rewritten 
in 


each field separately, the display operation, whose start address is determined 
R13 
Start Address (Ll 
temporally 
by programming sequence, will be performed. 
0 


A rewrite operation should be performed during the horizontal/vertical 
display 
period. 


R14 
Cursor (H) 
When a rewrite operation is performed during the display period, there are some 
0 
caseswhere the cursor is temporally displayed at the addressdifferent 
from the 
programmed value. A rewrite operation should be performed during the horizontal/ 


R15 
Cursor tLl 
vertical retrace period. Also, when R14 and R15 are rewritten 
in each fietd separately, 
0 
the cursor is displayed temporally at the temporal addressdetermined by programming 
sequence. 


. means temporary abnormal operations in rewriting the internal register during the display operation. Normally, after a rewrite operation, 


the LSI performs the specified display operation from the next field. 
(The operatIons In thiS table are outsIde our guarantee and are regarded asmaterials for reference) 


{ 


o 
.A rewrite operation is possible without 
affecting the screen in the display so much. 


•• 
l:i 
If conditions are satisfied, a rewrite operation is possible. If conditions are not satisfied, there are some caseswhere a flicker and 


... 
so on occur temporally. 


X. 
. When a rewrite operation is performed, there are some caseswhere a flicker and so on occur temporally. 
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• 
COMPARISON BETWEEN HDllll45S AND HDll845R 
• 
Complrlaon 
of function between HDll845S Ind HDll845R 
No. 
FunclIonll Olflorlnce 
HOSS"5 
HOS645S 
, 
Int.rlace 
Progrommlng Th.r.ct,r IIn •• ddr.l1. 
Ch.rlet,r 
line .ddrlll 
Sync 
Mltl10d 
I 
rogremmlng 
8< 
01 
o ~.IU:_._••...•.• 
-...•• -- ..•. -.•.. ··I]~~~ff~';'~~~ber o A B" 
Vldlo Modi 
Number 01 
1 
unIt for number 
Ol,pllY 
Vorticil 
. 
of verticil 
01 verticil 
CI1"oetl" 
1 ••.._••..-- ........•.._-......_-_.....................•ch.rletlr. 
2 
charleter. 


3 


2 •• --.-. 
- •• - ••• --------.-0 
••••• 
"5 
3 •.•• -••.••• 
-- ••••• -- - .••••••• 
_.•-- 
6 
7 
" _..__ ..........- _ ...__ ......_... 
S 
9 


In HD68"5. number 01cl1,,"ct"r,I, 
vertlcilly pro· 
In HD6845S, numb.r 
of '''.factlrs 
il vertically pro· 


"rimmed 
in unit of two IInll, 
IS i1lultrlt.d 
.bo"I, 
gramm.d 
in unit of one lin., II IIlUltr.ted 
abov•. 


(Number of v8rticil 
tot.1 cherecter., Number of 
(Number 01 vortlclltotll 
cl1"oetl". 
Number 01 


vorticil dl,pllYod cl1orlctl". Verticil Sync Po,l· 
vorticil dlspllYod cl1orlctor•• Vorticil Sync Po.i· 


tion) 
tionl 


E.lmpl. 
01 .bovi ligure 
E.lmpl. 
01 Ibov. Ilgur. 


Programmed number Into Vertical 
Displayed 
Programmed 
number 
into 
Vertical 
Displayed 


Regllter·6 
Register· 
10 


Number 
of 
Only 
even numb,r 
can be specified. 
Both ev.n number and odd number can be .pecified. 


Ra.ter. Per 
Cherecter line addres. 
Ch.r.cter 
line addr••• 
Character ~~'} 
~--r----r}I ~~'r 


Line 
::: ::::::~~~:~~~; 
-Number 
of ralter 
4- 'o·,tr; 
-'3 
0 
: =. :~_~.=::_=.~~ 
0 
6~; 
8--------.- 
•• --.-9 
Character line address 
0 
d-------------.-9 
~--------------'} 
~-.....---, } 
~e'} 


3~~' 
.. 
.-------. 
"3 
:~! 


- 
----._- 
-03 
: - 
-------- 
--5 
1 
;- 
-------- 
--6 


-- 
-4-4-0-----7 
------_••_-·--8 
B_________ _ __ 9 


Number of raster - 10 scan line (specified) 
When number of raster 
When number of raster 
However, number which is programmed into reo 
per character line is 
per character line is 


gister is calculated at follows. 
EVEN. 
000. 
Number of raster 
Number of raster 


Programmed number (Nrl 
= 10 scan line 
'" 9 scan line 


= (Number specified) - 1 
(specified) 
(specified) 


However, number which is programmed into register 
is calculated as follows. 


Programmed number (Nrl 


:IZ (Number specified) - 2 


Cursor 
Cursor is displayed in either EVEN field or 000 
Cursor is displayed in both EVEN field and 000 


Display 
field. 
field. 
I 
0 
0 
2-- ••-a-a-'9-'9--1 
-EVEN 
number 
---------------1 
4na-a--a-a ••---3 
~~3 
-EVEN 
number 


6--a-a-a-a-a--5 
-EVEN 
number 
6~=~_~=~_~_·.=; 
-EVEN 
number 
8-------------7 
8 


0-- 
-- 
- 1 
~--------------.1 
2-~_<>-<;>_~~--3 
-ODD 
number 
4__~-o-4 
~~--5 
4~3 
-ODD 
number 
-ODD 
number 
- 
- 
- 
--5 -ODD 
number 
6- 
- 
- 
7 
:--------------7 
8 


0 
2~1 
-EVEN 
number 


4= 
--(T 
~~~ -000 
number 


6_ ------------7 
8 
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No. 
Functional Difference 
HD6845R 
HD6845S 


..- 


2 
Vertical 
Sync 
Fixed 
at 16 raster scan cycle 
(1GH) 
Programmable 
(1 •..• 16 raster 
scan cycle) 


Pulse Width 
r- Specified 
by-1 
j..-tixed 
at 16 
..l 
high order 


IVSYNC 
outputl 
scan cycle 
4 bit of R3 


VS~ 
V~ 


A nached 
bits 


R3~ 
R3 B:±8JJlJ 


Not used 
Horizontal 
Sync Width 
Vertical 
Sync 
Horizontal 
Sync 


Width 
Width 


3 
SKEW Function 
Not included 
SKEW function 
is newly included in DISPTMG, 


CUDISP 
signals. 


Attached 
byte 


R8 
~vlsl 
R8~vlsl 


Not used 
CUDISP 
DISPTMG 


Example of OISPTMG 
output 


~Notskewed 


~ne 
character skew 


Two character skew 


1 character 
time 


2 character time 


4 
Start 
Address 
Register 
Impossible to READ 
Possible to READ 


5 
RESET Signal II'rr"SI 
MAo 
-- MAD output} 
MAo 
-- MAI3 outpull 
RAo ..., RA. 
Output 
. 
Synchronous 
reset 
RAo 
..., RA. 
Output J' . 
Asynchronous 
reset 


Other Outputs 
Asynchronous 
reset 
Other 
Outputs 


Output 
signals 
of MAo 
-- MAl), 
RAo 
-- RA .•, 
Output 
signals 
of MAo 
-- MAl), 
RAo 
-- 
RA .• and 


synchronizing 
with 
OlK 
"low" 
level, go to 
others 
go to 
"low" 
ievel immediately 
after 
R"E"S" 
"low" 
level, after RES has gone 
to "low" 
has gone 
to 
"low" 
level. 


Other 
outputs 
go to "low" 
immediately 
after 
R"ES has gone 
to "low" 
level 
-- 


• 
COMPATIBILITY 
OF HD6845S 
AND HD6845R 


Non-interlace mode control 
}. Fully compatible with HD6845R* 
Interlace sync mode control 
'HD6845Rcan 
be directly replaced 
by HD6845S in these modes. 
Interlace sync & Video mode control: 


Not compatible with HD6845R 
in regard to programming 
and 


data for vertical direction need to 
be changed. 
* The functions added to HD6845S utilize undefined bits of the 


Control Register in HD6845R. If "0" is programmed to the 
undefined 
bits in the initial set, it is possible to replace 


HD6845R with HD6845S without changing the parameters. 


Note) The restriction on programming ofHD6845S and HD6845R 


should be taken into consideration. 
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HD6350, HD6850 
Asynchronous Communications 
Interface Adapter (CMOS) (NMOS) 


The HD6350/HD6850 
Asynchronous Communications Inter- 
face 
Adapter 
provides 
the 
data 
formatting 
and control 
to 
interface serial asynchronous 
data communications information 
to bus organized systems such as the HMCS6800 Micro-process- 
ing Unit. 


The bus interface of the HD6350/HD6850 
includes select, 
enable, read/write, 
interrupt 
and bus interface logic to allow 
data transfer over an 8-bit bi-directional data bus. The parallel 
data of the bus system is serially transmitted 
and received by 
the asynchronous 
data interface 
with proper 
formatting 
and 
error checking. 


The functional 
configuration 
of the ACIA is programmed 
via the data bus during system initialization. 
A programmable 
Control Register provides variable word lengths, clock division 
ratios, transmit control, 
receive control, and interrupt 
control. 


For 
peripheral 
or modern 
operation 
three control 
lines are 
provided. 


FEATURES 
• 
Serial/Parallel Conversion of Data 
• 
Eight and Nine-bit Transmission 
• 
Optional Even and Odd Parity 
• 
Parity, Overrun and Framing Error Checking 
• 
Peripheral/Modem 
Control 
Functions 
(Clear to Send C'i'5. 
Request to Send RTS, Data Carrier Detect DCD) 
• 
Optional+ 
1,"" 16, and-;- 64 Clock Modes 
• 
One-or Two-Stop Bit Operation 
• 
Double Buffered 


- HD6350- 
• 
Low-Power, High-Speed, High-Density CMOS 
• 
Compatible with NMOS ACIA (HD6850) 
• 
Wide Range Operating Voltage (Vcc = 5V ±10%) 
• 
Up to 1Mbps Transmission 


-HD6850- 
• 
Compatible with MC68SOand MC68ASO 
• 
Up to SOOKbpsTransmission 


Type 
Process 
Clock Frequency 
Package 


HD63SO 
1.0MHz 


HD63ASO 
CMOS 
1.5MHz 
DP-24 


HD63BSO 
2.0MHz 


HD68SO 
1.0MHz 
DP-24 
NMOS 
HD68ASO 
1.5MHz 
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T. elK 
E 


RiWI 
AS 


Do 
22 
o. 
21 
0, 
20 


O. 
" 
o. 
" 
Do 
17 
Do 
" 
0, 
II 


7 
iiili 


23~ 


511ft 


Symbol 
Value 
Unit 
Item 
HD6350 
HD6850 


Supply Voltage 
Vcc. 
-{).3 -+7,0 
-{).3 -+7.0 
V 


Input Voltage 
Vin* 
-{).3 -+7.0 
-{).3 -+7.0 
V 


Maximum Output Current" 
110 
I 
10 
------- 
mA 


Operating Temperature 
Topr 
-20 
-+75 
-20 
-+75 
°c 


Storage Temperature 
Tstg 
-55 
-+150 
-55 
-+150 
°c 


• With respect 
to VIS (SYSTEM GNOI 


•• 
Maximum 
output 
current 
is the maximum 
current which can flow out from one 


output terminal or 110 common terminal (Do -0" 
RTS, Tx Data. IRQ). 


(NOTE) 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. Normal 
operation 
should be under recommended 
operating 
conditions. 
If these 
conditions 
are exceeded, 
it could affect reliability 
of LSI. 


Item 
Symbol 
HD6350 
HD6850 
Unit 
min 
typ 
max 
min 
typ 
max 


Supply Voltage 
Vcc· 
4.5 
5.0 
5.5 
4.75 
5.0 
5.25 
V 


Input "Low" 
Voltage 
VIL· 
0 
0.8 
-{).3 
0.8 
V 
- 
- 


Input "High" 
Do-D" 
RS, Tx CLK, DCD, CTS 
2.0 - 
Vcc 
Rx Data 
VIH· 
2.0 - 
Vcc 
V 
Voltage 


CSo, CS2, CS" RtW, E, Rx CLK 
2.2 - 
Vcc 


Operating Temperature 
Topr 
-20 
25 
75 
-20 
25 
75 
°c 
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• 
ELECTRICAL 
CHARACTERISTICS 
• 
DC CHARACTERISTICS 
(HD63S0; Vcc: 
SV ±10%. HD68S0; Vcc: 
SV ±S%. Vss - OV. T. - -20 -+7SoC. 
unle•• otherwi.e noted.) 


HD6350 
HD6850 


Item 
Svmbol 
Test Condition 
min 
tVp· 
Test Condition 
min 
typo 
Unit 


max 
max 


Do- 0,. 
RS,Tx eLK, 
2.0 
- 
Vcc 
~, 
En, Rx 
Data 


Input 
"High" 
Voltage 


CSo, CS" 
CS" 
Rm, 
E 
V1H 
2.0 
- 
Vcc 
V 


Rx elK 
2.2 
- 
Vcc 


Input 
"Low" 
Voltate 
All Inputs 
V1L 
"1).3 
- 
0.8 
-0.3 
- 
0.8 
V 


Input Leakage Current 
R/W, CSo, CS" 
CS" 
E 
I in 
Vin" 
0 - Vcc 
-2.5 
- 
2.5 
Vin" 
0 - 5.25V 
-2.5 
- 
2.5 
IJA 


Three·Stat_ 
10ff Stat.) 
Do - 0, 
ITSI 
Vin 
•• 0.4 
:- 
Vcc 
-10 
- 
10 
Vin ••0.4 - 
2,4V 
-10 
- 
10 
IJA 


Input 
Current 


IOH - -4oo.A 
4.1 
- 
- 
IOH ""-205j.lA. 
Enable 
2.4 
- 
- 
Do - 
0, 
Pulse Width ~ 25#s 
V 


IOH <: -10.A 
Vcc-o·l - 
- 


Output 
"High" 
Voltage 
VOH 


Tx Cat8.ATS 
IOH' 
-4OO.A 
4.1 
- 
- 
IOH" -l00j.lA. 
Enable 
2.4 
- 
- 
V 


IOH < -10.A 
Vcc-o·l - 
- 
Pulse Width ~ 25j.ls 


Output 
"Low" 
Voltage 
All Outputs 
VOL 
IOH ·1.6mA 
- 
- 
0.4 
10 L •• 1.6mA, Enable 
- 
- 
0.4 
V 
Pulse Width < 251,is 


Output 
leakage 
Current 
IRQ 
ILOH 
VOH" 
Vcc 
- 
- 
10 
VOH·2.4V 
- 
- 
10 
IJA 
(Off State) 


Do - 
0, 
- 
- 
12.5 
- 
- 
12.5 


Input Capacitance 
E. Tx elK, Rx elK, 
Vin" 
av. 
T. '"'2s<'C, 
Vin" av, Ta" 
25°C. 
pF 


R/W. RS. AX Data, CSo, 
Cin 
1-'.0 
MHz 
- 
- 
7.5 
1-'.OMHz 
- 
- 
7.5 


CS 
CS 
CTS DCD 


~,TxOata 
Vin - av, Ta - 25" C, 
- 
- 
10 
Vin - OV, Ta - 25"C 
- 
- 
10 


Output 
Capacitance 
Cout 
1 -'.0 
MHz 
1 -1.0 
MHz 
OF 


1m! 
- 
- 
5.0 
- 
- 
5.0 


- Under transmitting 
anc 
E - 1.0 MHz 
- 
- 
3 
Receiving operation 


-500 
kbps 
E"" 1.5 MHz 
- 
- 
4 
_ Data bus in R/W 
operation 
E - 2.0 MHz 
- 
- 
5 


Supply Current 
- Chip is not selected. 
E-1.0MHz 
- 
- 
200 
mA 
-500 
kbps 
_ Under non transmitting 
E -'.5 
MHz 
- 
- 
250 
and receiving operation 
_ Input level (Except E) 
E., 2.0 MHz 
- 
- 
300 
VIH min - Vcc-o.8V 
VI L max ·0.8V, 


Power Oiuipation 
Po 
300 
525 
mW 
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• 
AC CHARACTERISTICS 
(HD6350; 
Vcc= 5.0V ±10%,HD6850; 
Vcc= 5V ±5%, Vss = OV, Ta = -20-+75°C, 
unless otherwise noted.! 


1. TIMING 
OF 
DATA 
TRANSMISSION 


HD63B50 
HD6850 


Test 
HD6350 
HD63A50 
IHD68A50 
Item 
Symbol 
Condition 
Unit 


min 
mox 
min 
mex 
min 
mex 
min 
mox 


+1 
Mode 
900 
- 
650 
- 
500 
- 
900 
- 
ns 


Minimum 
Clock Pulse 
+16,+64 
Modes 
PWCL 
Fig. 1 
600 
- 
450 
- 
2BO 
- 
600 
- 
ns 


Width 
+1 
Mode 
900 
- 
650 
- 
500 
- 
900 
- 
ns 


PWCH 
Fig.2 


+16,+64 
Modes 
600 
- 
450 
- 
280 
- 
600 
- 
ns 


+1 Mode 
- 
500 
- 
750 
- 
1000 
- 
500 


Clock Frequency 
IC 
kHz 
. 16, +64 
Modes 
- 
800 
- 
1000 
- 
1500 
- 
800 


Clock·to-Date 
Delay for Transmitter 
tTOD 
Fig. 3 
- 
600 
- 
540 
- 
460 
- 
1000 
ns 


Receive 
Oat8 Setup Time 
+1 Mode 
tRDSU 
Fig. 4 
250 
- 
100 
- 
30 
- 
500 
- 
ns 


Receive Oat8 Hold Time 
+1 Mode 
tRDH 
Fig. 5 
250 
- 
100 
- 
30 
- 
500 
- 
ns 


TR'Q 
Release Time 
tlR 
Fig. 6 
- 
1200 
- 
900 
- 
700 
- 
1200 
ns 


RTS Deley 
Time 
tRTS 
Fig.6 
- 
560 
- 
480 
- 
400 
- 
1000 
ns 


Rise Time and Fall Time (or 10% of the 
tr,tf 
- 
1000 
- 
500 
- 
250 
- 
1000 
ns 
pulse width 
if smaller) 


2. BUS TIMING 
CHARACTERISTICS 


1) 
READ 


Item 
Symbol 
Test 
HD6350 
HD63A50 
HD63B50 
HD6850 
HD68A50 


Condition 
Unit 
min 
mox 
min 
mox 
min 
mex 
min 
mox 
min 
mex 


Enable Cycle Time 
teveE 
Fig. 7 
1000 
- 
666 
- 
500 
- 
1000 
- 
666 
- 
ns 


Eneble 
"High" 
Pulse Width 
PWEH 
Fig. 7 
450 
- 
280 
- 
220 
- 
450 
25000 
280 
25000 
ns 


Enable "Low" 
Pulse Width 
PWEL 
Fig. 7 
430 
- 
280 
- 
210 
- 
430 
- 
280 
- 
ns 


Setup Time, Address and RfIN Valid 
tAS 
Fig. 7 
80 
- 
80 
- 
40 
- 
140 
- 
140 
- 
ns 
to Enable Positive Transition 


Data Delay 
Time 
tDDR 
Fig. 7 
- 
290 
- 
180 
- 
150 
- 
320 
- 
220 
ns 


Oat8 Hold Time 
tH 
Fig. 7 
20 
100 
20 
100 
20 
100 
10 
- 
10 
- 
ns 


Address Hold Time 
tAH 
Fig. 7 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Rise and Fall Time for Enable Input 
tEr, tEl 
Fig. 7 
- 
25 
- 
25 
- 
20 
- 
25 
- 
25 
ns 


Item 
Symbol 
Test 
HD6350 
HD63A50 
HD63B50 
HD6850 
HD68A50 


Condition 
Unit 
min 
mex 
min 
mex 
min 
mex 
min 
mex 
min 
mex 


Enable Cycle Time 
tevcE 
Fig.8 
1000 
- 
666 
- 
500 
- 
1000 
- 
666 
- 
ns 


Eneble 
"High" 
Pulse Width 
PWEH 
Fig. 8 
450 
- 
280 
- 
220 
- 
450 
25000 
280 
25000 
ns 


Enable "Low" 
Pulse Width 
PWEL 
Fig. 8 
430 
- 
280 
- 
210 
- 
430 
- 
280 
- 
ns 


Setup Time, 
Address 
end RIW Velid 
tAS 
Fig.8 
80 
- 
60 
- 
40 
- 
140 
- 
140 
- 
ns 
to Enable Positive Transition 


Data Setup Time 
tDSW 
Fig. 8 
165 
- 
80 
- 
60 
- 
195 
- 
80 
- 
ns 


Data Hold Time 
tH 
Fig. 8 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Addre" 
Hold Time 
tAH 
Fig. 8 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Rise and Fall Time for Enable Input 
tEr,tEI 
Fig. 8 
- 
25 
- 
25 
- 
20 
- 
25 
- 
25 
ns 
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T. 
ClK 
or 
R. 
ClK 


tTDO 
x 


Vcc -2.0V 
••• 


______ 
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• (1)TROR.I._ 
Time .pplied to R. Data Regilt.r roodoperation. 


(2) IRQ R.I•••• Time applied to T. Data Regilt.r writ. operation. 
(3)fRO R.I•••• Time applied to control Regi".r writ. TIE = O. 


RIE = 0 operation . 


•• iFiQ Release Time 
applied to Rx Data Regilter 
rMd operation 
right 
after 
read 
statuI 
register. 
when 
iFKi is asserted 
by ~ 
riling 
edge . 


••• 
2.4V 
for HD6850. 
(Note) 
Note that followinllltake placewhen IRQ il 8ISertedby tho 
detection 
of 
transmit 
datil regilter 
empty 
statui. 
TA'li il 


rel.Med 
to 
"High" 
asynchronously with 
E signal when 
CTS_ 
"High". (Refer to Figure 14) 


Figure 7 Bus Read Timing 
Characteristics 
(Read information 
from 
ACIA) 
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for 00-0, 
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Figure 12 Send a 7 Bit ASCII Char. "H" Even Parity 
- 2 Stop Bits H = 48,. 
= 1001000, 


• DATA OF ACIA 


ACIA is an interface adappter 
which controls transmission 
and reception 
of Asynchronous 
serial data. Some examples of 
"00 data are shown in Figs. 10 - 12. 


• 
INTERNAL STRUCTURE 
OF ACIA 
ACIA 
provides 
the 
following; 
S-bit Bi-directional 
Data 
Buses (Do - 
0,), Receive Data Input (Rx Data), Transmit 
Data Output 
(Tx Data), three Chip Selects (CSo, CS, , ~), 
Register Select Input 
(RS), Two Control Input (Read/Write: 
RfW, 
Enable: 
E), Interrupt 
Request 
Output(IRQ), 
Clear-to- 
Send (CTS) 
to control 
the modem, 
Request-ta-Send 
(m), 
Data Carrier Detect(OCD) and Clock Inputs(Tx CLK, Rx CLK) 
used for synchronization 
of received and transmitted data. This 
ACIA also provides 
four 
registers; Status 
Register, 
Control 
Register, Receive Register and Transmit Register. 
24-pin dual-In-line type package is used for the ACIA. Inter- 
nal Structure of ACIA is illustrated in Fig. 13. 


• 
ACIA OPERATION 
• 
Master R.set 
ACIA has an internal 
master 
reset 
function 
controlled 


by software, 
since it has no hardware reset pin. 
Bit 0 and 


bit 
1 of control 
register should be set to "II" 
to execute 


master reset, also bit 5 and bit 6 should be programmed to 
get predetermined 
RTS output 
accordingly. 
To release the 


master 
reset, 
the 
data other than 
"11" 
should be written 


into bit 0, bit 
1 of the control 
register. 
When the master 


reset is released, the control register needs to be programmed 
to get predetermined 
options 
such as clock divider ratios, 


word length, one or two stop bits, parity(even, 
old, or none), 


etc. 


It may happen 
that 
"Low" 
level output 
is provided in 


IRQ pin 
during 
the 
time after power-on 
till master reset. 


In the system using ACIA, interrupt 
mask bit of MPU should 


be released after the master reset of ACIA. 
(MPU interrupt 


should be prohibited until MPU program completes the master 
reset of ACIA.) Transmit 
Data Register (TDR) and Receive 


Data Register (RDR) can not be re.,t by master reset. 
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TC 
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• 
Transmit 
A typical transmitting sequence consists of reading the ACIA 


Status 
Register 
either 
as a result of an interrupt 
or in the 


ACIA's turn in a polling sequence. A character may be written 
into the Transmit Data Register if the status read operation has 
indicated 
that 
the 
Transmit 
Data 
Register 
is empty. 
This 


character is transferred to a Shift Register where it is serialized 
and transmitted 
from the Transmit Data output preceded by a 


start bit and followed by one or two stop bits. Internal parity 
(odd or even) can be optionally added to the character and will 
occur between the last data bit and the first stop bit. After the 
first 
character 
is written 
in the 
Data 
Register, 
the 
Status 


Register can be read again to check for a Transmit Data Register 
Empty condition 
and CUrrent peripheral status. If the register is 


empty, 
another 
character 
can be loaded for transmission even 


though the first character is in the process of being transmitted 
(because of double 
buffering). 
The second character 
will be 


automatically 
transferred into the Shift Register when the first 


character 
transmission 
is completed. 
This sequence continues 


until all the characters have been transmitted. 


• 
Receive 
Data is received from a peripheral by means of the Receive 


Data input. 
A divide-by·one 
clock 
ratio 
is provided 
for an 


externally synchronized 
clock (to its data) while the divide·by· 


16 and 64 ratios are provided for internal synchronization. 
Bit 


synchronization in the divide·by·16 and 64 modes is initiated by 


the detection 
of the leading mark-space transition of the start 


bit. False start bit delection capability insures that a full half bit 
of a start bit has been received before 
the internal clock is 


synchronized 
to the bit time. As a character is being received, 


parity (odd or even) will be checked and the error indication 
will be available in the Status Register along with framing error, 
overrun 
error, 
and 
Receive Data 
Register 
full. In a typical 
receiving sequence, the Status Register is read to determine if a 
character has been received from a peripheral. If the Receiver 
Data Register is full, the character is placed on the g·bit ACIA 
bus when a Read Data command 
is received from the MPU. 


When parity has been selected for an g·bit word (7 bits plus 
parity), the receiver strip the parity bit (0,="0") so that data 
alone 
is transferred 
to the 
MPI,J. This feature 
reduces 
MPU 
programming. The Status Register can continue to be read again 
to determine when another character is available in the Receive 
Data Register. The receiver is also double buffered 
so that a 


character can be read from the data register as another character 
is being received in the Shift register. The above sequence con· 
tinues until all characters have been received. 


• 
ACIA 
INTERNAL 
REGISTERS 
The ACIA provides four registers; Transmit 
Data Register 


(TDR), Receive Data Register(RDR), 
Control Register(CR) and 


Status 
Register(SR). 
The content 
of each of the registers is 


summarized in Table I. 


@HITACHI 


Hitachi America Ltd.• 
2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 


.... 
Buffef 
RS=l • RM=O 
RS=l • RM=l 
RSaQ • RMRO 
RSaQ • RM-1 
Address 
Transmit Data 
Receiver Data 
Control Register 
Status Register 
Data Bus 
Register 
Register 


(Write Only) 
(Read Only) 
(Write Only) 
(Read Only) 


0 
Data Bit O' 
Data Bit 0 
Counter Divide 
Rx Data Reg. Full 
Select (CRO) 
(RORF) 


Data Bit 1 
Data Bit 1 
Counter Divide 
Tx Data Reg. Empty 
1 
Select (CR1) 
(TORE) 


Data Bit 2 
Word Select 1 
Data Carrier Detect 
2 
Data Bit 2 
(CR2) 
(OCO) 


Data Bit 3 
Data Bit 3 
Word Select 2 
Clear to Send 
3 
(CR3) 
(CTS) 


Data Bit 4 
Data Bit 4 
Word Select 3 
Framing Error 
4 
(CR4) 
(FE) 


Data Bit 5 
Data Bit 5 
Tx Control 1 
Overrun 
5 
(CR5) 
(OVRN) 


6 
Data Bit 6 
Data Bit 6 
Tx Control 2 
Parity Error 
(CR6) 
(PE) 


7 
Data Bit 7'" 
Data Bit 7" 
Rx Interrupt Enable 
Interrupt Request 


(CR7) 
(IRQ) 


• l.eoding bit· 
LSB • Bit 0 
•• 
D.a 
bit will be zero in 7--bit plul parity 
modes . 


••• 
Deta bit il "don't 
car." 
in 7--bit plul parity 
model. 


····1 
... "High" 
level,0 ... "Low" 
level 


• 
T,..mlt 
o.t. R.., 
(TOR) 
Data is written 
in the Transmit 
Data Register during the 
negative transition 
of~ 
enable (E) when the ACIA has been 
addressed 
and 
RS' 
R/W is selected. 
Writing data into 
the 
register causes the Transmit 
Data Register Empty 
bit in the 
Status Register to go "0". Data can then be transmitted. 
If the 
transmitter 
is idling and no character is being transmitted, 
then 
the transfer will take place within 2 bit time + several E cycles 
of the trailing edge of the Write command. 
If a character is 
being transmitted, 
the new data character 
will commence 
as 
soon as the previous 
character 
is complete. 
The transfer 
of 
data cauaes the Transmit 
Data Register Empty (TORE) bit to 
indicate empty. 


• 
R_Ift 
o.t. RegiI•• 
(RDR) 
Data is automatically 
transferred to the empty Receive Data 
Register (RDR) from the receiver deserializer (a shift register) 
upon 
receiving a complete 
character. 
This event causes the 
Receive Data Register Full bit (RDRF) on the status buffer to 
go "\" 
(full). Data may then be read through the bus by ad· 
dressing the ACIA and R/W "High" when the ACIA is enabled. 
The non-destructive 
read cycle causes the RDRF bit to be 
cleared to empty although the data is retained in the RDR. The 
status is maintained 
by RDRF as to whether or not the data 
is current. When the Receive Data Register is fun, the automatic 
transfer of data from the Receiver Shift Register to the Data 
Register is inhibited and the RDR contents remain valid with its 
current status stored in the Status Register. 


• ControlR.., 
The ACIA Control 
Register consists of eight bits of write- 


only buffer that are selected when RS and R/W are "Low". This 


register 
controls 
the 
functien 
of 
the 
receiver, 
transmitter, 


interrupt 
enables, and the Request·to-Send 
(RTS) peripheral/ 


modem control output. 


Counter Divide Select BiU (CROend CR1) 
The Counter Divide Select Bits (CRO and CRI) 
determine 


the divide ratios utilized in both the transmitter 
and receiver 


section of the ACIA. Additionally, these bits are used to provide 
a master reset for the ACIA which clears the Status Register 
(except for external conditions on CTS and DCD) end initializes 
both the receiver and transmitter. 
Master reset does not affect 
other Control Register bits. Note that after power-on or a power 
fail/restart, 
these bits must be set "I" 
to reset the ACIA. After 
resetting, the clock divide ratio may be selected. These counter 
select bits provide for the following clock divide ratios: 


CR1 
CRO 
Function 
0 
0 
+1 
0 
1 
+16 
1 
0 
+64 
1 
1 
Master Reset 


Word Select Bits (CR2. CR3. end CR4) 
The Word Select bits are used to select word length, puity. 


and the number of stop bits. The encoding format is as fonows: 
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CR4 
CR3 
CR2 
Function 


0 
0 
0 
7 Bits + Even Parity + 2 Stop Bits 
0 
0 
1 
7 Bits + Odd Parity + 2 Stop Bits 
0 
1 
0 
7 Bits + Even Parity + 1 Stop Bit 
0 
1 
1 
7 Bits + Odd Parity + 1 Stop Bit 


1 
0 
0 
B Bits + 2 Stop Bits 


1 
0 
1 
8 Bits + 1 Stop Bit 


1 
1 
0 
8 Bits + Even Parity + 1 Stop Bit 


1 
1 
1 
8 Bits + Odd Parity + 1 Stop Bit 


Word length, 
Parity Select, and Stop 
Bit changes are not 


buffered and therefore become effective immediately. 


Transmitter Control Bits (CR5 and CR6) 


Two Transmitter 
Control 
bits provide for the control 
of 


the interrupt 
from the Transmit Data Register Empty condition, 


the Request-ta-Send 
(RTS) output, 
and the transmission of a 
Break level (space). The following encoding format is used: 


CR6 
o 
o 


1 


CR5 


o 


1 
o 


Function 


RTS - "Low", Transmitting Interrupt Disabled. 


FITS =" Low". Transmitting Interrupt Enabled. 
FITS = "High". Transmitting Interrupt 
Disabled. 


RTS = "Low". Transmits a Break level on 


the Transmit Data Output. 
Transmitting Interrupt Disabled. 


Receive Intarrupt Enabla Bit (CR7) 
The following interrupts 
will be enabled by a "I" 
in bit 


position 
7 
of 
the 
Control 
Register 
(CR7): 
Receive 
Data 
Register Full, Overrun, or a "Low" to "High" transistion on the 
Data Carrier Detect (DCD) signal line. 


ADRF 
'Iet 
R'E 


[ 
,.,.,~, 
RORF 
FOOl 


R-e.iWf 
aYAN'", 
iRO 


5C6FIIti 


[ 
,., 
•••• 
, TORE 
FOOl 


T' •••&mlll.r 


en '''''''I 
TORE 
1"1•• 


• 
StatuS Register 
Information 
on the status of the ACIA is available to the 


MPU by reading 
the 
ACIA Status 
Register. 
This read-only 


register is selected 
when 
RS is "Low" 
and R/W is "High". 


Information 
stored in this register indicates the status of the 
Transmit 
Data Register, the Receive Data Register and error 
logic, and the peripheral/modem 
status inputs of the ACIA. 


Receive Data Register Full (RORF), Bit 0 
RDRF indicates that received data has been transferred 
to 


the Receive Data Register. RDRF is cleared after an MPU read 
of the Receive Data Register or by a master reset. The cleared or 
empty 
state indicates 
that 
the contents 
of the Receive Data 


Register are not 
current. 
Data Carrier 
Detect 
(DCD) being 
"High" also causes RDRF to indicate empty. 


Transmit Data Register Empty (TORE). Bit 1 
The 
Transmit 
Data 
Register 
Empty 
bit 
being 
set 
"I" 


indicates that the Transmit Data Register contents 
have been 


transferred 
and that new data may be entered. 
The "0" state 
indicates that the register is full and that transmission of a new 
character has not begun since the last write data command. 


Data Carrier Detect (~), 
Bit 2 
The DCD bit will be "I" 
when the DCD input from a modem 


has gone "High" to indicate that a carrier is not present. This bit 
going "I" 
causes an Interrupt Request to be generated when the 
Receive Interrupt 
Enable is set. It remains "I" 
after the IXD 


input is returned "Low" until cleared by first reading the Status 
Register and then 
the Data Register or until 
a master reset 


occurs. If the DCD input remains "High" after read status and 
read data or master reset has occurred, the interrupt 
is cleared, 


the DCD status bit remains "I" 
and will follow the OCD input. 


Clear-to·Send (CT$), Bit 3 
The CTS bit indicates th~ state of the crs input from a 
modem. A "Low" CTS input indicates that there is a CTS from 
the modem. 
In the "High" state, the Transmit Data Register 
Empty 
bit is inlubited 
and the CTS status bit will be "1". 


Master reset does not affect the Clear-to-Send Status bit. 


Framing Error (FE). Bit 4 
FE flag indicates that the received character is improperly 


framed by a star! and a stop bit and is detected by the absence 
of the 1st stop bit. This error indicates a synchronization 
error, 


faulty transmission, or a break condition. 
The FE flag is set or 
reset during the receive data transfer time. Therefore, this error 
indicator 
is present 
throughout 
the time that 
the associated 


character is available. 


Racei"r 
Ovarrun (OVRN), Bit 5 
Overrun 
is an error flag that 
indicates 
that 
one or more 


characters in the data stream were lost. That is, a character or a 
number 
of characters 
were received but not read from the 


Receive Data Register (RDR) 
prior to subsequent 
characters 


being received. The overrun condition begins at the midpoint of 
the last bit 
of the 
second 
character 
received in succession 


without 
a read of the RDR having occurred. The overrun does 


not occur in the Status Register until the valid character prior to 
Overrun has been read. The RDRF bit remains set until the 
Overrun is reset. Character synchronization 
is maintained during 


the Overrun condition. The Overrun indication is reset after the 
reading of data from the Receive Data Register or by a Master 
Reset. 
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••••.ity Error (PE). Bit 6 


The PE flag indicates that the number of "I "s (highs) in the 


character 
does not 
agree with 
the 
preselected 
odd or even 
parity. Odd parity is defined to be when the total number of 
ones is odd. The parity error indication will be present as long as 
the data character is in the RDR. If no parity is selected, then 
both the transmitter 
parity generator 
output 
and the receiver 
parity check results are inhibited. 


Interrupt Request (IRQ). Bit 7 
The IR~ 
bit indicates 
the state of the IRQ output, 
Any 
interrupt 
condition 
with its applicable enable will be indicated 
in this status bit. Anytime the IRQ output is "Low" the IRQ bit 
will be 
U I" to indicate the interrupt 
or service request status. 


IRQ is cleared by a read operation to the Receive Data Register 
or a write operation 
to the Transmit Data Register. (Refer to 
Figure 14.) 


Bi-Oireetional Data Bus (00-0,) 
The bi-directional data bus (Do-0,) allow for data transfer 
between the ACIA and the MPU. The data bus output drivers 
are three-state 
devices that remain in the high impedance (oft) 


state except when the MPU performs an ACIA read operation. 


Enable (E) 


The Enable signal, E, is a high impedance TTL compatible 


input that enables the bus input/output 
data buffers and clocks 
data to and from the ACIA. This signal will normally 
be a 
derivative of the HMCS6800 ~2 Clock. The ACIA accepts both 
continuous pulse signal and strobe type signal as Enable input. 


ReadlWrite (R!W) 
The 
R/W line 
is a high 
impedance 
inp.ut that 
is TTL 


compatible 
and is used to control 
the direction of data flow 


through the ACIA's input/output 
data bus interface. When R/W 


is "High" (MPU Read cycle), ACIA output drivers are turned on 
and a selected register is read. When it is "Low", 
the ACIA 
output 
drivers are turned off and the MPU writes into a selected 
register. Therefore, 
the R/W signal is used to select read-only or 
write-only registers within the ACIA. 


Chip Select (CSo• CS1• CS;) 
These three high impedance TTL compatible input lines are 
used to address the ACIA. The ACIA is selected when CSo and 
CS1 are "High" and CS; is "Low". 
Transfers of data to and 
from the ACIA are then performed 
under the control 
of the 
Enable signal, Read/Write, and Register Select. 


Register Select (RS) 
The 
RS 
line 
is 
a high 
impedance 
input 
that 
is TTL 


compatible. 
A "High" 
level is used to select the Transmit/ 
Receive Data Registers and a "Low" 
level the Control/Status 
Registers. 
The 
R/W signal line is used in conjunction 
with 
Register Select to select the read-only or write-only register in 
each register pair. 


Interrupt Request (IRQ) 


mo is a TTL compatible, 
open-drain (no internal· pullup), 
active "Low" 
output 
that is used to interrupt 
the MPU. The 
IRQ output 
remains "Low" as long as the cause of the interrupt 


is present and the appropriate interrupt enable within the ACIA 
is set. 


Clock Inputs 
Separate 
high impedance 
TTL compatible 
inputs 
are pro- 


vided for clocking 
of transmitted 
and received data. Clock 


frequencies of I, 16 or 64 times the data rate may be selected. 


Transmit Clock (Tx CLK) 
The Tx CLK input is used for the clocking of transmitted 


data. The transmitter 
initiates data on the negative transition of 


the clock. 


Receive Clock (Rx CLK) 
The Rx CLK input 
is used for synchronization 
of received 


data. 
(In 
the 
.;. I 
mode, 
the 
clock 
and 
data 
must 
be 


synchronized 
externally.) 
The receiver samples the data on the 


positive transition of the clock. 


Receive Data (Rx Data) 
The Rx Data line is a high impedance TTL compatible input 


through which data is received in a serial format. Synchroniza- 
tion with a clock for detection of data is accomplished internal- 
ly when clock rates of 16 or 64 times the bit rate are used. Data 
rates 
are 
in the 
range 
of 0 
to 
500 
kbps 
when 
external 


synchronization 
is utilized. 


Transmit Data (Tx Data) 
The Tx Data output 
line transfers serial data to a modem or 


other peripheral. Data rates in the range of 0 to 500 kbps when 
external synchronization 
is utilized. 


Modem Control 
The ACIA includes 
several functions 
that 
permit 
limited 


control 
of a p~eral 
or modem. The functions included are 


CfS, RTS and DCD. 


Clear-to-Send (CTS) 
This high impedance TTL compatible 
input provides auto- 


matic control of the transmitting end of a communications 
link 


via the modem 
CTS active "Low" 
output 
by inhibiting 
the 


Transmit 
Data Register Empty 
(TDRE) 
status 
bit. (Refer to 


Figure 15.) 


Request-to-Send 
(RTS) 
The RTS output enables the MPU to control a peripheral or 


modem via the data bus. The RTS output 
corresponds to the 


state of the Control Register bits CR5 and CR6. When CR6=O 
or both CR5 and CR6=I, the RTS output 
is "Low" (the active 


state ). This output 
can also be used for Data Terminal Ready 


(DTR). (Refer to Figure 15.) 
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Detll Cerrier Detect (OCO) 
OCD 
is the 
input 
signal corresponding 
to the 
"carrier 
detect" signal which shows carrier detect of modem. 
DCD signal is used to control the receiving operation. When 
DCD input goes "High", ACIA stops all the receiving operation 
and sets receiving part in reset status. 
It means that receive 
shift register stops shifting, error detection 
circuit and syn- 
chro. 'zation 
circuit of receive clock are reset. When DCD is 
in "High" level, the receiving part of ACIA is kept in initial 


~f1ag 
mo 
(RIE = "1") 


status and the operation 
in the receiving part is prohibited. 
When DCD goes "Low", 
the 
receiving part 
is allowed to 
receive data. 
In this case, the following process is needed to 
reset DCD flag and restarts 
the receive operation. 
(Refer to 
Figure 16.) 
(I) 
Return DCD input from "High" to "Low". 
(2) 
Read status register. (OCD flag = "I") 
(3) 
Read receive data register (Uncertain data will be read.) 


• 
Note for Use 
(HD6350 ohlVI 
Input Signal, which is not necessary for user's application, 
should 
be used 
fIXed to 
"High" 
or "Low" 
level. 
This is 


applicable to the following signal pins. 
Rx Data, Rx CLK, Tx CLK, ers, DCI5 
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HD6852, HD68A52 
SSDA 
(Synchronous 
Serial Data Adapter) 


The H06852 
Synchronous 
Serial Data Adapter provides a 
bi-directional 
serial interface for synchronous 
data information 
interchange. 
It 
contains 
interface 
logic 
for 
simultaneously 
transmitting 
and receiving standard 
synchronous 
communica· 
tions 
characters 
in 
bus 
organized 
systems 
such 
as 
the 
HMCS6800 Microprocessor systems. 
The bus interface 
of the HD6852 
includes select, enable, 
read/write, 
interrupt, 
and 
bus interface 
logic to allow data 
transfer over an 8-bit bi-directional data bus. The parallel data 
of the bus system is serially transmitted 
and received by the 
synchronous 
data interface with synchronization, 
fill character 
iIlIertion/deletion, 
and 
error 
checking. 
The functional 
con· 
fJgU1'3tionof the SSDA is programmed via the data bus dUring 
system initialization. 
Programmable 
control 
registers provide control 
for variable 
word length, transmit control, receive control, synchronization 
control 
and interrupt 
CO!1troLStatus, 
timing and control lines 
provide peripheral or modem control. 


~pica1 
applications 
include data communications 
terminals, 
floppy' disk controllers, cassette or cartridge tape controllers and 
numerical control 
systems. 


• FEATURES 
• 
Programmable 
Interrupts 
from 
Transmitter, 
Receiver, 
and Error Detection Logic 
• 
Character 
Synchronization 
on One or Two Sync Codes 
• 
External 
Synchronization 
Available 
for 
Parallel-Serial 
Operation 
• 
Programmable Sync Code Register 
• 
Up to 1Mkbps Transmitter 
• 
Peripheral/Modem Control Functions 
• 
Three Bytes of FIFO Buffering on Both Transmit and 
Receive 
• 
6,7. or 8 Bit Data Transmission 
• 
Optional Even and Odd Parity 
• 
Parity. Overrun. and Underflow Status 


• 
Compatible with MC6852 and MC68A52 
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Item 
Symbol 
Value 
Unit 


Supply 
Voltage 
Vcc· 
-0.3- 
+7.0 
V 


Input 
Voltage 
Vi". 
-0.3- 
+7.0 
V 


Operating 
Temperature 
Topr 
- 20- 
+ 75 
DC 


Storage Temperature 
Tit. 
-55 
- 
+150 
DC 


• 
With respectto Vss (SYSTEM GNOI 


(NOTE) 
Permanent 
LSI damage may occur if maximum 
ratings are exceeded. 
Normal 
operation 
should be under recommended 
operating 


conditions. 
If these conditions 
are exceeded, 
it could affect reliabilitv 
of LSI. 


Item 
Symbol 
min 
typ 
max 
Unit 


Supply 
Voltage 
Vcc · 
4.75 
5.0 
5.25 
V 


V'L · 
-0.3 
- 
0.8 
V 
Input Voltage 
V'H · 
2.0 
Vcc 
V 
- 


Operating 
Temperature 
Topr 
-20 
25 
75 
DC 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vcc· 
5V ± 5%, VSS· av, Te· 
-20-+75DC, 
unless otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typo 
max 
Unit 


Input 
"High" 
Voltage 
All 
Input 
V'H 
2.0 
- 
- 
V 


Input 
"Low" 
Voltage 
All 
Input 
V'L 
-<l.3 
- 
0.8 
V 


00-0, 
VOH 
IOH - -205/lA, 
2.4 
- 
- 
V 


Output 
"High" 
Voltage 
PWEH, PWEL~ 25/ls 


Tx Data 
IOH - -100 /lA, 


DTR, TUF 
VOH 
2.4 
- 
- 
V 
PWEH, PWEL~25/ls 


Output 
"Low" 
Voltage 
All Output 
VOL 
IOL = 1.6 mA, 
0.4 
V 
- 
- 
PWEH, PWEL~25/ls 


TxCLK, 
RxCLK, 


Input 
Leakage Current 
Rx Data, E, 
I'n 
V'n = 0- 
5.25V 
-2.5 
2.5 
/lA 
RES, RS, Rm 
- 


CS, DCD, CTS 


Three·State 
Input 
Current 
00- 
0, 
ITS' 
VOn- 0.4 - 
2.4V, 
10 
(Off 
State) 
-10 
- 
/lA 
Vcc 
= 5.25V 


Output 
Leakage Current 
IRQ 
ILOH 
VOH = 2.4V 
10 
/lA 
(Off State) 
- 
- 


Power Dissipation 
Po 
- 
300 
525 
mW 
00- 
0, 
- 
- 
12.5 


RxData, 
RxCLK, 
VOn = OV, 


Input 
Capacitance 
TxCLK, 
RES, 
Ta = 25DC, 
pI' 


CS, RS, Rm, 
E, 
Cin 
f = 1 MHz 
- 
- 
7.5 


DCD,CTS 


Output 
Capacitance 
TxData, 
DTR, TUF, 
Cout 
Von=OV,Ta=25DC 
- 
- 
10 


IRQ 
f = 1 MHz 
pF 
- 
- 
5.0 
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• 
AC CHARACTERISTICS 
(VCC=5V±5%, 
VSS=OV, Ta=-2D-+75"C, 
unless otherwise 
noted.) 


1. TIMING 
OF 
THE 
DATA 
TRANSFER 


Item 
Symbol 
Test 
HD6852 
HD68A52 
Condition 
Unit 
min 
typ 
max 
min 
typ 
max 


Clock "Low" 
Pulse Width 
PWCL 
Fig. 1 
700 
- 
- 
400 
- 
- 
ns 


Clock "High" 
Pulse Width 
PWCH 
Fig.2 
700 
- 
- 
400 
- 
- 
ns 


Clock 
Frequency 
fc 
- 
- 
600 
- 
- 
1,000 
kHz 


Receive Data Setup Time 
tROSU 
Fig. 3 
350 
- 
- 
200 
- 
- 
ns 


Receive Data Hold Time 
tROH 
Fig.3 
350 
- 
- 
200 
- 
- 
ns 


Sync Match Delay Time 
tSM 
Fig.3 
- 
- 
1.0 
- 
- 
0.666 
IlS 


Clock-to-Data 
Delay for 
tTOO 
Fig. 4,6 
- 
- 
1.0 
- 
- 
0.666 
IlS 
Transmitter 


Transmitter 
Underflow 
tTUF 
Fig.4 
- 
- 
1.0 
- 
- 
0.666 
IlS 


DTR Delay Time 
tOTR 
Fig. 5 
- 
- 
1.0 
- 
- 
0.666 
IlS 


I RQ Release Time 
tlR 
Fig.5 
- 
- 
1.2 
- 
- 
0.8 
IlS 


RES Pulse Width 
tRES 
1.0 
- 
- 
0.666 
- 
- 
IlS 


CTS Setup Time 
tCTS 
Fig.6 
200 
- 
- 
150 
- 
- 
ns 


DCD Setup Time 
toco 
Fig. 7 
500 
- 
- 
350 
- 
- 
ns 


Input 
Rise and Fall Times(Except 
E 
tr, tf 
0.8V to 2.0V 
- 
- 
1.0' 
.- 
- 
1.0 
IlS 


2. BUS TIMING 


1) 
READ 


Symbol 
Test 
HD6852 
HD68A52 
Unit 
Item 
Condition 
min 
max 
min 
max 


Enable Cycle Time 
tCYCE 
1.0 
- 
0.666 
- 
Ils 


Enable "High" 
Pulse Width 
PWEH 
0.45 
25 
0.28 
25 
IlS 


Enable "Low" 
Pulse Width 
PWEL 
0.43 
- 
0.28 
- 
IlS 


Setup Time, 
Address and R/W valid 
tAS 
140 
- 
140 
- 
ns 
to Enable positive 
transition 
Fig.8 


Data Delay Time 
tOOR 
- 
320 
- 
220 
ns 


Data Hold Time 
tH 
10 
- 
10 
- 
ns 


Address Hold Time 
tAH 
10 
80 
10 
80 
ns 


Rise and Fall Time for Enable input 
tEr, tEf 
- 
25 
- 
25 
ns 


Test 
HD6852 
HD68A52 
Unit 
Item 
Symbol 
Condition 
min 
max 
min 
max 


Enable Cycle Time 
teveE 
1.0 
- 
0.666 
- 
IlS 


Enable Pulse Width, 
"High" 
PWEH 
0.45 
25 
0.28 
25 
IlS 


Enable Pulse Width, 
"Low" 
PWEL 
0.43 
- 
0.28 
- 
IlS 


Setup Time, Address and R/W valid 
tAS 
140 
- 
140 
- 
ns 
to Enable positive 
transition 
Fig.9 


Data Setup Time 
tosw 
195 
- 
80 
- 
ns 


Data Hold Time 
tH 
10 
- 
10 
- 
ns 


Address Hold Time 
tAH 
10 
- 
10 
- 
ns 


Rise and Fall Time for Enable input 
tEr, tEf 
- 
25 
- 
25 
ns 
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Tx CLK 
or 
Rx CLK 


TXCLK~.OV 
or 
Rx CLK 


PWCH 


Figure 4 Transmit 
Data Output 
Delay and 
Transmitter 
Underflow 
Delay Time 


IRQ 


• 
IRQ Release Time applied to TxData 
FIFO 
write operation 
and 


RxOat. 
FIFO 
read operation . 
•• 
IRQ 
Release Time applied to write 
", •• operation 
to RxRS. 
TxAS, 


CTUF, 
Cleer CTS bit •. 


Figure 5 DTR and I RQ Release Time 
=to. 
BV 
••.••••_~r 


""'~ 
@ 
~ 
@ 
@ 


Notes: 
@ 
Mu.t 
occur bofore DCD goe' low. 


@ 
First data bit placed in Ax shift regilter. 
© 
Lo.t data bit of byta placed in Rx shift regi.ter. 


@ 
Rx Data byte transferred 
from shift regilter 
to Ax FIFO. 


<i> 
Clock edge required for generation 
of IRQ by ADA 
status. 


Note: 
Ref,r 
to Figure 3 for the Rx Dati letup end hold time •. 


Figure 7 DCD Setup Time 
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Figure 8 Bus Read Timing Characteristics 
(Read information from SSOA\ 


5.0V 


RL - 2.4K 


C-13OpF for 0,-0, 


-3OpF for OTR. Tx Data. and TUF 
Alldiode. aralS2074@or 
Equivalant. 


R-llkll 
for 0,-0, 


-24kll 
for OTR. Tx Data. and TUF 


• 
DEVICE 
OPERATION 


At the bus interface, 
the SSDA appears· as two addressable 
memory 
locations. 
Internally, 
there are seven registers: two 


read-only and five write-only 
registers. The read-only registers 
are Status and Receive Data; the write-only registers are Control 
I, Control 
2, Control 3, Sync Code and Transmit Data. The 


serial interface 
consists of serial input and output 
lines with 


independent 
clocks, and four peripheral/modem 
control lines. 
Data to be transmitted 
is transferred directly into the 3-byte 
Transmit Data First·In First-Out (FIFO) Register from the data 
bus. Availability of the input to the FIFO is indicated by a bit 
in the Status Register; once data is entered, it moves through 
the FIFO to the last empty location. Data at the output of the 
FIFO 
is automatically 
transferred 
from 
the 
FIFO 
to 
the 
Transmitter 
Shift Register as the shift register becomes available 


to transmit the next character. If data is not available from the 
FIFO (underflow 
condition), 
the Transmitter 
Shift Register is 
automatically 
loaded with either 
a sync code or an all "I"s 


character. The transmit section may be programmed to append 
even, odd, or no parity to the transmitted 
word. An external 


control 
line (CfS) is provided to inhibit the transmitter 
with· 


out clearing the FIFO. 
Serial data 
is accumulated 
in the 
receiver based on the 


synchronization 
mode selected. In the external sync mode used 


for parallel-serial operation, 
the receiver is synchronized 
by the 


Figure 9 Bus Write Timing Characteristics 


(Write information into SSOAI 


~ 


5'OV 


3k 


Test point 
I 


,OOpF 


Data Carrier Detect (DeD) 
input and transfers successive bytes 


of data 
to the input 
of the Receiver FIFO. The single-sync- 


character mode requires that a match occur between the Sync 
Code Register and one incoming character before data transfer 
to the FIFO begins. The two-sync-eharacter 
mode requires that 


two sync codes be received in sequence to establish synchro- 
nization. 
Subsequent 
to synchronization 
in any mode, data is 


accumulated 
in 
the 
shift 
register, 
and 
parity 
is optionally 
checked. 
An indication 
of parity error is carried through 
the 


Receiver FIFO with each character to the last empty location. 
Availability of a word at the FIFO output 
is indicated by a bit 


in the Status Register, as is a parity error. 
The SSDA and its internal 
registers are selected 
by the 


address bus, Read/Write 
(R/W) and Enable control 
lines. To 


configure 
the 
SSDA, Control 
Registers are selected and the 


appropriate 
bits set. The 
Status 
Register 
is addressable 
for 


reading status. 


Other I/O lines, in addition to Clear-to-Send (CTS) and Data 


Carrier 
Dete£!..J.DeD), 
include 
Sync 
Match/Data 
Terminal 


Ready 
(SM/DTR) 
and 
Transmitter 
Underflow 
(TUF). 
The 


transmitter 
and 
receiver 
each 
have 
individual 
clock 
inputs 


allowing sinlultaneous 
operation 
under separate clock control. 


Signals to the microprocessor 
are the Data bus and Interrupt 


Request (iRQ). 
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• 
Initialization 
During a power-on sequence, the SSDA is reset via the RES 
input 
and internally 
latched 
in a reset condition 
to prevent 
erroneous 
output 
transmissions. 
The 
Sync 
Code 
Register, 
Control 
Register 2, and Control 
Register 
3 should be pro- 


grammed prior to the programmed 
release of the Transmitter 
and/or 
Receiver Reset bits; these bits in Control 
Register 
I 
should be cleared after the RES line has gone "High". 


• 
Transmitter Operation 
Data is transferred to the transmitter section in parallel form 
by 
means 
of the 
data 
bus and Transmit 
Data 
FIFO. 
The 
Transmit 
Data 
FIFO 
is a 3-byte 
register 
whose 
status 
is 
indicated by the Transmitter 
Data Register Available status bit 
(TDRA) 
and 
its 
associated 
interrupt 
enable 
bit. 
Data 
is 
transferred 
through 
the FIFO on negative edges of Enable (E) 
pulses. Two data transfer modes are provided in the SSDA. The 
I-byte 
transfer 
mode provides for writing data to the trans- 
mitter section (and reading from the receiver section) one byte 
at a time. The 2-byte transfer mode provides for writing two 
data characters in succession. 
Data 
will 
automatically 
transfer 
from 
the 
last 
register 
location in the Transmit Data FIFO (when it contains data) to 
the Transmitter 
Shift Register dUring the last half of the last bit 
of the previous character. 
A character is transferred 
into the 
Shift Register by the Transmitter 
Clock. Data is transmitted 
LSB fust, and odd or even parity can be optionally appended. 
The unused bit positions in short word length characters from 
the data bus are "don't cares". (Note: 
The data bus inputs may 
be reversed for applications requiring the MSB to be transferred 
taken, e.g., IBM format for floppy disks; however, care must be 
taken to properly program the control registers - Table I will 
have its bit positions reversed.) 
When the Shift Register becomes empty, 
and data is not 
available 
for 
transfer 
from 
the 
Transmit 
Data 
FIFO, 
an 
"underflow" 
occurs, 
and 
a character 
is inserted 
into 
the 
transmitter 
data stream to maintain character synchronization. 
The character transmitted 
on underflow will be either a "Mark" 
(all "I"s) 
or the contents of the Sync Code Register, depending 
upon the state of the Transmit Sync Code on Underflow control 
bit. The underflow condition is indicated by a pulse (•• Tx CLK 
"High" period) on the Underflow putput 
(when in Tx Sync on 
underflow 
mode). 
The Underflow 
output 
occurs coincident 
with the transfer of the last half of the last bit preceding the 
underflow 
character. 
The Underflow 
status 
bit is set until 
cleared 
by means 
of the Clear Umlerflow control 
bit. This 
output may be used in floppy disk systems to synchronize write 
operations and for appending CRCC. 
Transmission 
is initiated 
by clearing the Transmitter 
Reset 
bit in Control 
Register 
1. When the Transmitter 
Reset bit is 
cleared, the first full positive half-cycle of the Transmit Clock 
will initiate the transmit cycle, with the transmission of data or 
underflow 
characters 
beginning on the negative edge of the 
Transmit Clock pulse which started 
the cycle. If the Transmit 
Data 
FIFO 
was 
not 
loaded, 
an 
underflow 
character 
will 
be transmitted. 
The 
Clear-to-Send 
(CTS) 
input 
provides 
for 
automatic 
control 
of 
the 
transmitter 
by 
means 
of 
external 
system 
hardware; e.g., the modem CTS out~provides 
the control in a 
data communications 
system. The CTS input resets and inhibits 
the transmitter 
section 
when "High", 
but does not reset the 
Transmit Data FIFO. The TDRA status bit is inhibited by CTS 
being "High" 
in either 
the one-sync character 
or two-sync- 
character mode of operation. 


In the external sync mode, TDRA is unaffected by CTS in 
order to provide Transmit Data FIFO status for preloading and 
operating the transmi tter under the control of the CTS input. 
When the Transmitter 
Reset bit (Tx Rs) is set, the Transmit 
Data FIFO is cleared and the TDRA status bit is cleared. After 
one E clock has occurred, 
the Transmit Data FIFO becomes 
available for new data with TDRA inhibited. 


• 
Receiver Operation 
Data and a presynchronized 
clock are provided to the SSDA 
receiver section by means of the Receive Data (Rx Data) and 
Receive Clock (Rx 
CLK) inputs. 
The data is a continuous 
stream of binary data bits without means for identifying charac- 
ter boundaries 
within the stream. It is, therefore, 
necessary to 
achieve character synchronization 
for the data at the beginning 
of 
the 
data 
block. 
Once synchronization 
is achieved, 
it is 
assumed to be retained for all successive characters within the 
block. 
Data communications 
systems utilize the detection 
of sync 
codes during the initial portion 
of the preamble to establish 
character 
synchronization. 
This requires 
the 
detection 
of a 
single code 
or two 
successive sync codes. Floppy 
disk and 
cartridge tape units require sixteen bits of defmed preamble and 
cassettes require eight bits of preamble to establish the reference 
for the start of record. All three are functionally, equivalent to 
the detection of sync codes. Systems which do not utilize code 
detection 
techniques require custom logic external to the SSDA 
for character 
synchronization 
and use of the parallel-to-serial 
(external sync) mode. 
(Note: 
The Receiver Shift Register is set to ones when reset) 


• 
Synchronization 
The SSDA provides three operating modes with respect to 
character synchronization: 
one-sync-character 
mode, two-sync- 
character 
mode, and external 
sync mode. The external sync 
mode 
requires 
synchronization 
and 
control 
of the receiving 
section 
through 
the 
Data Carrier Detect 
(OCD) input. 
This 
external 
synchronization 
could consist of direct line control 
from 
the 
transmitting 
end of the 
serial data 
link 
or from 
external logic designed to detect the start of the message block. 
The one-sync-character 
mode searches on a bit-by-bit basis until 
a match is achieved between the data in the Shift Register and 
the Sync Code Register. The match indicates character synchro- 
nization is complete and will be retained for the message block. 
In the two-sync-character 
mode, the receiver searches for the 
fust sync code match on a bit-by-bit basis and then looks for a 
second 
successive sync code ·character 
prior 
to 
establishing 
character synchronization. 
I( th~ second sync code character is 
not received, the bit·by-bit 
search for the fust 
sync code is 
resumed. 
Sync codes received prior to the completion 
of synchro- 
nization 
(one 
or two character) 
are not 
transferred 
to the 
Receive Data FIFO. Redundant sync codes during the preamble 
or sync codes which occure as "fill characters" 
can automat- 
ically be stripped from the data, when the Strip Sync control bit 
is set, to minimize system loading. The character synchroniza· 
tion will be retained until cleared by means of the CIar Sync bit, 
which also inhibits synchronization 
search when set. 


• 
Receiving Data 
Once synchronization 
has been achieved, subsequent 
char- 
acters are automatically 
transferred into the Receive Data FIFO 
and clocked through the' FIFO to the last empty location by E 
pulses (MPU System 4>2).The Receiver Data Available status bit 
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(RDA) indicates when data is available to be read from the last 
FIFO location 
(#3) 
when in the 
I-byte 
transfer 
mode. The 


2-byte transfer mode causes the RDA status bit to indicate data 
is available when the last two FIFO register locations are full. 
Data 
being 
available 
in the 
Receive Data 
FIFO 
causes an 


interrupt 
request if the Receiver Interrupt 
Enable (RIE) bit is 
set. The MPU will then read the SSDA Status Register, which 
will indicate that data is available for the MPU read from the 
Receiver Data FIFO register. The IRQ and RDA status bits are 
reset by a read from the FIFO. If more than one character has 
been 
received 
and 
is resident 
in 
the 
Receive Data 
FIFO, 
subsequent 
E clocks will cause the FIFO to update and the 
RDA and IRQ status 
bits will again be set. The read data 


operation 
for the 2-byte transfer mode requires an intervening E 


clock between 
reads to allow the FIFO data to shift. Optional 
parity 
is automatically 
checked 
as data is received, and the 
parity status condition 
is maintained with each character until 
the data is read from the Receive Data FIFO. Parity errors will 
cause an interrupt 
request if the Error Interrupt 
Enable (EIE) 
has been set. The parity bit is not transferred 
to the data bus 
but 
must be checked 
in the Status 
Register. NOTE: 
In the 
2-byte transfer mode, parity should be che.:ked prior to reading 
the second byte, since a FIFO read clears the error bit. 


Other 
status 
bits which pertain to the receiver section are 
Receiver Overrun and Data Carrier Detect (DCD). The Overrun 
status bit is automatically 
set when a transfer of a character to 
the 
Receive Data FIFO occurs and the fIrst register of the 
Receive Data FIFO is full. Overrun causes an interrupt 
if Error 


Interrupt 
Enable 
(EIE) 
has 
been 
set. The 
transfer 
of the 


overrunning 
character 
into 
the 
FIFO 
causes 
the 
previous 


character 
in the FIFO input register location to be lost. The 
Overrun 
status 
bit is cleared by reading the Status 
Register 


(when the overrun condition 
is present), followed by a Receive 
Data FIFO Register read. Overrun cannot occur and be cleared 
without 
providing an opportunity 
to detect its occurrence via 


the Status Register. 
A positive transition on the DCD input causes an interruJl!lf 


the EIE control bit has been set. The interrupt 
caused by OCD 


is cleared by reading the Status Register when the OCD status 
bit is "I", 
followed by a Receive Data FIFO read. The DCD 
status bit will subsequently 
follow the state of the DCD input 
when it goes "Low". 


• 
SSDA REGISTERS 
Seven registers in the SSDA can be accessed by means of the 
bus. 
The 
registers 
are 
defmed 
as read-only 
or 
write-only 
according 
to the direction of information 
flow. The Register 
Select (RS) input selects two registers in each state, one being 
read-only and the other write-only. The Read/Write (R/W) input 
defmed 
which of the two selected registers will actually 
be 
accessed. Four registers (two read-only and two write-only) can 
be addressed via the bus at any particular time. These registers 
and the required addressing are defIned in Table I. 


• 
Control Register 1 (Cl I 
Control Register I is an 8-bit wirte-only register that can be 
directly 
addressed 
from the data bus. Control 
Register 
I is 
addressed when RS = "Low" and R{W= "Low". 


R_iver 
Reset (Rx Rsl. Cl Bit 0 
The Receiver Reset control 
bit provides both a reset and 
inhibit function 
to the receiver section. When Rx Rs is set, it 
clears the receiver control 
logic, error logic, Rx Data FIFO 


Control, 
Parity 
Error 
status 
bit, 
and 
DCD interrupt. 
The 


Receiver Shift Register is set ones. The Rx Rs~ 
must be 
cleared after the occurrence of a "Low" level on RES in order 
to enable the receiver section of the SSDA. 


Transmitter Re••t (Tx Rsl. Cl Bit 1 
The Transmitter 
Reset control bit provides both a reset and 
inhibit to the transmitter 
section. When Tx Rs is set, it clears 


the transmitter 
control 
section, Transmitter 
Shift Register, Tx 


Data FIFO Control (the Tx Data FIFO can be reloaded after 
one E clock pulse), the Transmitter 
Underflow status bit, and 
the C'fS interrupt, 
and inhibits 
the TDRA status bit (in the 


one-sync-<:haracter and two-sync-<:haracter modes). The Tx Rs 
bit must be cleared after the occurrence 
of a "Low" level on 


RES in order to enable the transmitter 
section of the SSDA. If 


the Tx FIFO is not preloaded, it must be loaded immediately 
after 
the 
Tx 
Rs release to prevent 
a transmitter 
underflow 


condition. 


Strip Synchronization 
Characters (Strip Syncl. C1 Bit 2 
If the Strip Sync bit is set, the SSDA will automatically strip 


all received characters 
which match the contents 
of the Sync 


Code Register. The characters used for synchronization 
(one or 


two characters 
of sync) are always stripped from the received 
data stream. 


Clear Synchronization 
(Clear Syncl. Cl Bit 3 
The 
Clear 
Sync 
control 
bit 
provides 
the 
capability 
of 


dropping 
receiver 
character 
synchronization 
and 
inhibiting 
resynchronization. 
The Clear Sync bit is set to clear and inhibit 


receiver synchronization 
in all modes and is reset to zero to 
enable resynchronization. 


Transmitter 
Interrupt Enable (TIEl. Cl Bit 4 
TIE enable both 
the Interrupt 
Request (IRQ) output 
and 


Interrupt 
Request 
status bit to indicate a transmitter 
service 


~est. 
When TIE is set and the TDRA status bit is "I", 
the 


IRQ output will go "Low" (the active state) and the IRQ status 
bit will go "I". 


R_iver 
Interrupt Enable (RIEl. Cl Bit 5 
RIE enable both the Interrupt Request output (iRQ) and the 


Interrupt 
Request 
status 
bit 
to 
indicate 
a receiver service 


request. When RIE is set and the RDA status bit is "I", 
the IRQ 
output 
will go "Low" (the active state) and the iRU status bit 
will go nl". 


Addr ••• Control 
1 (ACll and Addr ••• Control 2 (AC2I. Cl 


Bits 6 and 7 
ACI and AC2 select one of the write-only registers - Control 
2, Control 3, Sync Code, or Tx Data FIFO - as shown in Table 
I, when RS = "High" and R/W = "Low". 


• 
Control Register 2 (C21 
Control Register 2 is an 8-bit write-only register which can be 
programmed 
from the bus when the Address Control bits in 
Co.!!.trolRegister I (ACI and AC2) are reset, RS = "High" and 
R/W="Low". 


Peripheral Control 
1 (PCl I and Peripheral Control 2 (PC2I. 
C2 Bits 0 and 1 
Two control 
bits, PCI and PC2~errnine 
the operating 
characteristics 
of the 
Sync 
Match/DTR 
output. 
PCI, 
when 
"High", selects the Sync Match mode. PC2 provides the inhibit/ 
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enable control for the SM/DRT output in the Sync Match mode. 
A one-bit-wide pulse is generated at the output when PC2 is "0", 
and a match 
occurs between the contents 
of the Sync Code 
Register and the incoming data even if sync is inhibited (Clear 
Sync bit = "I "). The Sync Match pulse is referenced 
to the 
negative edge of Rx CLK pulse causing the match. 


The Data Terminal Ready (DTR) mode is selected when PCI 
is "0". When PC2 = "I" 
the SM/D'fR output = "Low" and vice 
versa. The operation of PC2 and PCI is summarized in Table 4. 


1-Byte/2-Byte Transfer (1-Byte/2-Bytel. 
C2 Bit 2 
When I-Byte/2-Byte 
is set, the TDRA and RDA status bits 
will indicate 
the 
availability 
if their 
respective 
data 
FIFO 
registers for a single byte data transfer. Alternately, 
if I-Byte/ 


2-Byte is reset, the TDRA and RDA status bits indicate when 
two bytes of data can be moved without a second status read. 
An intervening Enable pulse must occur between data transfers. 


Word Length Selects (WS1. WS2. WS3). C2 Bits 3. 4. 5 
Word lengtll Select bits WSI, WS2, and WS3 select word 
length of 7, 8, or 9 bits including parity as shown in Table 3. 


Transmit Sync Code on Underflow (Tx Sync). C2 Bit 6 
When Tx Sync is set, the transmitter will automatically send 
a sync character when data is not available for transmission. If 
Tx Sync is reset, the transmitter 
will transmit a Mark character 
(including 
the 
parity 
bit 
position) 
on underflow. 
When the 
underflow is detected, 
a pulse approximately 
a Tx CLK "High" 


period wide will occur on the underflow output if the Tx Sync 
bit 
is 
"I ". 
Internal 
parity 
generation 
is inhibited 
during 
underflow except for sync code fill character transmission in 8 
bit plus parity word lengths. 


Error Interrupt Enable (EIE). C2 Bit 7 
When EIE is set, the IRQ status bit will go "I" 
and the IRQ 
output will go "Low" if: 
I) A receiver overrun occurs. The interrupt is cleared by reading 
the Status Register and reading the Rx Data FIFO. 


2) OCD input has gone to a "High". The interrupt is cleared by 


reading the Status Register and reading the Rx Data FIFO. 


3) A parity 
error exists for the character in the last location 


(#3) 
of the 
Rx Data FIFO. 
The interrupt 
is cleared by 
reading 
the 
Rx Data 
FIFO. 
The interrupt 
is cleared by 
readitts!he 
Rx Data FIFO. 
4) The CTS" input has gone to a "High". The interrupt is cleared 
by writing a "I" 
in the Clear CTS bit, C3 bit 2, or by a Tx 
Reset. 


S) The 
transmitter 
has 
underflowed 
(in 
the 
Tx 
Sync 
on 
Underflow mode). The interrupt 
is cleared by writing a "I" 


into the Clear Underflow, C3 bit 3, or Tx Reset. 
When EIE is a "0", the IRQ status bit and the IRQ output 
are disabled for the above error conditions. A "Low" level on 
the RES input resets EIE to "0". 


• 
Control Register 3 (C3) 
Control Register 3 is a 4-bit write-only register which can be 
programmed 
from 
the 
bus when 
RS = "High" 
and Rtw 


"Low" and Address Control bit ACI = "I" and AC2 = "0". 


External/Internal 
Sync Mode Control (Ell Sync). C3 Bit 0 
When the E/I Sync Mode bit is "I", 
the SSDA is in the 
external 
sync mode and the receiver synchronization 
10gi£Js 
disabled. Synchronization 
can be achieved by means of the DCD 


input or by starting Rx CLK at the midpoint of data bit "0" of 


a character with DCD "Low". Both the transmitter and receiver 
sections operate as parallel - 
serial converters in the External 
Sync mode. The Clear Sync bit in Control Register I acts as a 
receiver sync inhibit when "High" to provide a bus control1able 
inhibit. The Sync Code Register can serve as a transmitter 
fill 
character register and a receiver match register in this mode. A 
"Low" on the RES input resets the E/I Sync Mode bit placing 
the SSDA In the internal sync mode. 


One-Sync·Character/Two-Sync-Charecter 
Mode. Control 
(1 


Sync/2 Sync). C3 Bit 1 
When 
the 
I 
Sync/2 
Sync 
bit 
is 
set, 
the 
SSDA 
will 
synchronize 
on a single match between the received data and 
the contents 
of the Sync Code Register. When the I Sync/2 


Sync 
bit 
is reset, 
two successive 
sync characters 
must 
be 


received prior to receiver synchronization. 
If the second sync 


character is not detected, the bit by bit search resumes from the 
frrst bit in the second character. See the description of the Sync 
Code Register for more details. 


Clear CTS Status (Clear CTS). C3 Bit 2 
When a "I" 
is written into the Clear CTS bit, the stored 
status and interrupt 
are cleared. Subsequently, 
the CTS status 
bit reflects the state of the crs input. The Clear ,CfS control 
bit 
does 
not 
affect 
the 
CTS· input 
nor 
its inhibit 
of the 
transmitter 
secton. The Clear CTS command bit is self-<:Iearing, 


and writing a "0" into this bit is a nonfunctional 
operation. 


Claar Transmit Underflow Status (CTUF). C3 Bit 3 


When a "I" 
is written into the crUF 
status bit, the CTUF 
bit and its associated interrupt 
are reset. The crUF 
command 
bit 
is 
self-<:Iearing and 
writing 
a "0" 
into 
this 
bit 
is a 
nonfunctional 
operation. 


• Sync Code Register 
The Sync Code Register is an 8-bit register for storing the 


programmable 
sync code required for received data character 
synchronization 
in 
the 
one-sync-<:haracter 
and 
two-sync- 


character 
modes. 
The Sync Code Register also provides 
for 


stripping 
the 
sync/fill 
characters 
from 
the 
received 
data (a 
programmable 
option) 
as well as automatic 
insertion 
of fill 
characters 
in the transmitted 
data 
stream. 
The 
Sync Code 
Register is not utilized for teceiver character synchronization 
in 
the external sync mode; however, it provides storage of receiver 
match and transmit fill characters. 


The Sync Code Register can be loaded when AC2 and ACI 
are a "I" 
and "0" respectively, and R/W = "Low" and RS = 


"High". 


The Sync Code Register may be changed after the detection 
of a match with the received data (the frrst sync code having 
been detected) to synchronize with a double-word sync pattern. 
(This sync code change must occur prior to the completion 
of 
the second character.) The sync match (SM) output can be used 
to interrupt 
the MPU system to indicate that the frrst eight bits 
have matched. The service routine would then change the sync 
match register to the second half of the .pattern. Alternately, 
the 
one-sync-<:haracter mode can be used for sync codes for 16 or 
more bits by using software to check the second and subsequent 
bytes after reading them from the FIFO. 


The detection of the sync code can be programmed to appear 
on the Sync Match/DTR output by writing a "I" 
in PCI (C2 bit 


0) and a "0" in PC2 (C2 bit I). The Sync Match output will go 
"High" 
for one bit time beginning at the character 
interface 
between the sync code and the next character. 
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• 
Parity for Sync ChIIrllCter 
Tr-.nin-r 
Transmitter 
does not generate parity for the sync character 
except 9-bit mode. 


9-bit (8-bit + parity) - 8-bit sync character + parity 
8-bit (7-bit + parity) - 8-bit sync character (no parity) 
7-bit (6-bit + parity) - 7-bit sync character (no parity) 
R_iver 
At Synchronization 
Receiver automatically 
strips the sync character(s) (two sync 
characters if '2 sync' mode is selected) which is used to establish 
synchronization. 
And parity 
is not 
checked 
for these sync 
characters. 


After Synchronization 
is Established 


When 'strip 
sync' bit is selected, 
the sync characters (fill 
characters) 
are stripped 
and 
parity 
is not 
checked 
for the 
stripped 
sync (fill) 
characters. 
When 'strip 
sync' 
bit is not 
selected (0), the ~c 
character is assumed to be normal data 
and it is transferred 
into FIFO after parity checking. (When 
non-parity format is selected, parity is not checked.) 


Strip Sync 
Data Format 
Operation 
ICl Bit 2) 
(C2 Bit 3·5) 


No transfer of sync 


1 
x 
code. 
No perity check of 
sync code. 


"Transfer data and 
0 
With Parity 
sync codes. 
Parity check. 


"Transfer data and 
0 
Without Parity 
sync codes. 
No parity check. 


It is necessary to pay attention to the selected sync character 
in the following cases. 
I) Data format is (6 + parity), (7 + parity), 
2) Strip sync is not selected ("0"). 
3) After 
synchronization 
when sync code 
is used as a fill 
character. 
Transmitter 
sends sync character without parity, but receiver 
checks the parity as if it is normal data. Therefore, 
the sync 
character should be chosen to match the parity cheCCkselected 
for the receiver in this special case. 


• 
R-ne 
o.ta Fint-In Fint-Out 
Regis-.r 
(Rx om FIFO) 
The 
Receive Data 
FIFO 
Register 
consists 
of three 
8-blt 
registers which are used for buffer storage of received data. Each 
8-bit register has an internal status bit which monitors ita full or 
empty condition. 
Data is always transferred 
from a full register 
to an adjacent 
empty 
register. The transfer 
from register to 
register 
occurs on E pulses. The RDA status bit will be "I" 
when data is available in the last locatio", of the Rx Data FIFO. 
In an Overrun condition, 
the overrunning character will be 
transferred Into the full lint stage of the FIFO register and will 
cause 
the 
loss of 
that 
data 
character. 
!luccessive overruns 
continue 
to 
overwite 
the 
flnt 
register 
of the 
FIFO. 
This 
destruction 
of data' is Indicated by means of the Overrun status 


bit. The Overrun bit will be set when the overrun occurs and 
remains set until the Status Register is read, followed by a read 
of the Rx Data FIFO. 
Unused data bits for short word lengths (including the parity 


bit) will appear as "O"s on the data bus when the Rx Data FIFO 
Is read. 


• 
Tr_mit 
Data Fint-In First-Out Register 
(Tx om FIFO) 
The Transmit 
Data FIFO 
Register consista of three 
8-bit 


registers 
which 
are 
used 
for buffer 
storage 
of data 
to be 


transmitted. 
Each 8-bit register has an internal status bit which 


monitors its full or empty condition. 
Data is always transferred 


from a full register to an adjacent empty register. The transfer is 
clocked by E pulses. 
The TDRA status bit will be "High" if the Tx Data FIFO is 


available for data. 
Unused data bits for short word lengths will be handled as 


"don't 
cares". The parity bit is not transferred 
over the data 


bus since the SSDA generates parity at transmission. 


When an Underflow occurs, the Underflow character will be 


either the contents 
of the Sync Code Register or an all "I"s 


character. 
The underflow 
will be stored in the Status Register 


until cleared and will appear on the Underflow output as a pulse 
approximately 
a Tx CLK."High" period wide. 


• 
Status Register 
The Status 
Register 
is an 
8-bit read-only 
register 
which 


provides the real-time status of the SSDA and the associated 
serial data channel. Reading the Status Register is a non-destruc- 
tive process. The method 
of clearing status bits depends upon 


the function each bit represents and is discussed for each bit in 
the register. 
R_iver 
om Anilable 
(RDA). S Bit 0 
The 
Receiver 
Data 
Available 
status 
bit 
indicates 
when 


receiver data can be read from the Rx Data FIFO. The receiver 
data being present in the last register (#3) of the FIFO causes 
RDA to be "I" 
for the l·byte 
transfer mode. The RDA bit 


being "I" 
indicates that the last two registers (#1. and #3) are 


full when in the 2-byte transfer mode. The second character can 
be read without 
a second status rad (to determine 
that the 


character is available). And E pulse must occur between reads of 
the Rx Data FIFO to allow the FIFO to shift. Status must be 
read on a word-by-word basis If receiver data error checking is 
important. 
The RDA status bit is reset automatically when data 


is not available. 


TNilimitter o.ta R••••• 
Availllble (TDRA), S Bit 1 


The TDRA status bit indicates that data can be loaded into 


the Tx Data FIFO Register. The lint 
register (#1) of the Tx 


Data FIFO being empty will be indicated by a "I" in the TDRA 
status bit in the I-byte 
transfer mode. The lint 
two registers 


(#1 and #1.) must be empty for TDRA to be "I" 
when in the 


2-byte tranafer mode. The Tx Data FIFO can be loaded with 
two bytes without 
an intervening status read; however, one E 


pulse must occur between loads. TDRA is inhibited by the Tx 
Reset or ~. 
When Tx Reset is set, the Tx Data FIFO is 


cleared and then released on the next E clock pulse. The Tx 
Data FIFO can then be loaded with up to three characten 
of 


data, 
even 
though 
TDRA 
is inhibited. 
This feature 
allows 


preloa~data 
prior to the release ofTx Reset. A "High" level 


on the CTS input inhibits the TDRA status bit in either sync 
mode of operation 
(one-sync-dwacter 
or two-sync-dwacter). 


CTS does not affect TDRA in the external sync mode. ThIa 
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enables the SSDA to operate under the control of the CTS input 
with TDRA indicating the status of the Tx Data FIFO. The CTS 
input does not clear the Tx Data FIFO in any operating mode. 


Data Carrier Detect (OCDI. S Bit 2 


A positive transition on the DeD input is stored in the SSDA 
until cleared by reading both Status and Rx Data FIFO. A "I" 
written into Rx Rs also clears the stored DeD status. The DeD 
status 
bit, when set, indicates 
that 
the DeD input has gone 


"High", 
The reading of both 
Status and Receive Data FIFO 


allows Bit 2 of subsequent Status reads to indicate the state of 
the beD 
input until the next positive transition. 


Clear-tooSend (CTSI. S Bit 3 
A positive transiton 
on the CTS input is stored in the SSDA 


until cleared by writing a "1" into the Clear CTS control bit or 
the Tx Rs bit. The CTS status bit, when set, indicates that the 
crs input has gone "High". 
The Clear CTS command (a "I" 


into 
C3 Bit 2) allows Bit 3 of subsequent 
Status 
reads to 


indicate 
the 
state 
of the C'fS input until 
the next positive 


transition. 


Transmitter Underflow (TUFI. S Bit 4 
When data is not available for the transmitter, 
an underflow 


occurs and is so indicated in the Status Register (in the Tx Sync 
on underflow 
mode). 
The underflow 
status bit is cleared by 


writing a "1" into the Clear Underflow (CTUF) control bit or 


the Tx Rs bit. TUF indicates 
that a sync character 
will be 
transmitted 
as the next character. 
A TUF is indicated 
on the 
output 
only when the contents of the Sync Code Register is to 
be transferred (transmit sync code on underflow = "I"). 


Receiver Overrun (Rx Ovrnl. S Bit 5 
Overrun indicates data has been received when the Rx Data 
FIFO is full, resulting in data loss. The Rx Ovrn status bit is set 
when Overrun occurs. The Rx Ovrn status bit is cleared by 
reading Status 
followed by reading the Rx Data FIFO or by 
setting the Rx Rs control bit. 


Receiver Parity Error (PEl. S Bit 6 
The parity 
error 
status bit indicates 
that 
parity 
for 
the 
character in the last register of the Rx Data FIFO did not agree 
with 
selected 
parity. 
The 
parity 
error 
is cleared 
when 
the 
character to which it pertains is read from the Rx Data FIFO or 
when Rx Rs occurs. The OCD input does not clear the Parity 
Error or Rx Data FIFO status bits. 


Interrupt Request (iRQ). S Bit 7 
_ 
The Interrupt 
Request 
status bit indicates 
when the IRQ 
output 
is in the active state (IRQ output = "Low"). 
The IRQ 
status bit is s~ct 
to the same interrupt enables (RIE, TIE, and 
EIE) as the IRQ output. 
The IRQ status but simplifies status 


inquiries for polling systems by 'providing single bit indication of 
service requests. 


Control· 
Address 
Register Content 
Register 
Inputs 
Control 


AS 
AIW 
AC2 
ACI 
Bit 7 
Bit6 
Bit 5 
Bit4 
Bit 3 
Bit2 
Bit 1 
BitO 


Status (S) 
0 
1 
X 
X 
Interrupt 
Receiver 
Receiver 
Transmitter 
Clear-to- 
Data Carrier 
Transmitter 
Receiver 


R~st 
Parity 
Overrun 
Underflow 
Send 
Detect 
Data 
Data 


(lAQ) 
Error 
(Ax Ovrn) 
(TUF) 
(CTS) 
(OCO) 
Register 
Avoilabla 
(PE) 
Available 
(ADA) 


(TDAA) 


Control 
1 
0 
0 
X 
X 
Address 
Addre •• 
Receiver 
T Teosmitter 
Clear 
Strip 
Sync 
Transmitter 
Receiver 


(Ct) 
Control 
2 
Control 
1 
Interrupt 
Interrupt 
Sync 
Characters 
Aeset 
Reset 


(AC2) 
(AC1) 
Enable 
Enable 
(Strip Sync) 
(Tx As) 
(Ax As) 


(AlE) 
(TIE) 
... 


Receive 
1 
1 
X 
X 
0, 
D. 
0, 
D. 
0, 
0, 
0, 
D. 
Data FIFO 


Control 
2 
1 
0 
0 
0 
Error 
Transmit 
Word 
Word 
Word 
1·BytaI2-Bvta 
Peripheral 
Peripheral 
(C2) 
Interrupt 
Sync Code 
Length 
Length 
Length 
Transfer 
Conlrol2 
Control 
1 
Enable 
on 
Select 3 
Select 2 
Select 1 
I1-BytaI2·Byte) 
(PC21 
(PCt) 


(EIE) 
Underflow 
(WS3) 
(WS2) 
(WSt) 
(Tx 
Sync) 


Control 
3 
1 
0 
0 
1 
Not Used 
Not Used 
Not Used 
Not Used 
Clear 
Cleer~ 
One-8ync- 
Externall 
(C3) 
Transmitter 
Status 
Characterl 
Internal 


Underflow 
(Cleer CrS.1 
Two.sync 
Sync Mode 
Status 
Character 
Control 


(CTUFI 
Mode Control 
(Ell 
Sync) 


(1 Syncl 
2 Sync) 
Sync Cod:· 
1 
0 
1 
0 
0, 
0 
D. 
0 
0 
0, 
0 
D. 
Transmit 
1 
0 
1 
1 
Data FIFO 
0, 
D. 
0, 
D. 
0, 
0, 
D. 
D• 


• 
0; 
'·Low" 
level, 
1; "High" 
level 
•• 
"FF" 
should not be used as Sync Code . 
••• 
When the SSOA is used in applications 
requiring 
the MSB of data to be receive and transmitted 
first, the data bus inputs to the SSDA 


may be reversed (Do to 07, 
etc.). Caution 
must be used when this is done since the bit positions in this table will be reversed, and the 


panty 
should not be selected. 
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Status 
Register 
IS) 


Control 
Register 
1 


(C,) 


Control 
Register 
2 
(C2) 


Control 
Register 
3 
(C3) 


Bit 
Symbol 


7 
rna 


--- ---------- 
Ii 
PE 


--- ----------- 
5 
Rx Ovrn 


--- ---------- 
4 
TUF 


--- -65------ 
3 
--- --------- 
2 
OCO 


--- --------- 
, 
TOAA 


Function 


The i"RTI 
flaQ is cleared 
when 
the source 
of the i'Fi'n is cleared. 
The source 
is determined 
by 


the enables 
in the Control 
Registers: 
TI.E. RIE, 
EIE. 


When parity 
error 
is detected 
in 
receive 
data. 


Aead Ax Data FIFO, or a "," 
into 
_~~~J~_~~~~ 
_ 


Read StatuI 
and then 
Rx 
Data 
FI FO. 


or a "," 
into Ax As IC' Bit 0). 


-A-;;";-i;;t~-6uFlc3 
Bit3)-';into --- 


Tx As IC' Bit n. 
-A~V~~~CI"~~IC3~t2l~;--- 
_!:~~~£I~~~~L~~~ 
_ 


Aead Status and then Ax Oata FI FO 
or a "," 
into Ax As (C, Bit 0) 


When under 
flow 
is occurred 
in 
the transmitter. 
Wh~~~~~~~~"~------ 


1 Byte Transfer 
Mode; when 
the transmit data FIFO (#,) 
is empty. 
----------------- 
2 Byte Transfer 
Mode; when 
the 
transmit data FIFO (#1, #2) is 
!~~t~: 
_ 


1 Byte Transfer 
Mode; when 
the 
data 
is received 
in the receive 
data FIFO (#3). 
---------------- 
2 Byte Transfer 
Mode; when 
the 
data 
is received 
in the receive 
data FIFO (#2, #31- 


7 
AC2 
Used to access other 
registers. 
as shown 
Table 
1. 
6 
AC' 
........................................................................................................................................................ 
--_ ..__ 
. 


_.-~.....~!~................ 
_..~.~~.~. 
~'.~ 
: ~.~~.~~~~. 
~~~~~~~~~ 
-~~.~~~.~~..~~!.?!:. 
_._ 
----_.._ 
_.-_.._. 


4 
TIE 
When "1",enables 
interrupt 
on TDRA 
(S Bit 1). 
.............................................................................................. 
_ 
_ 
. 
3 
..~I!:~~. 
~~~.~ _.._.'!'!.~~.~. 
~'.~ 
~'~.I!:~~~. 
~~.~~~!!. 
~.~~!.~~~~.r 
..sy'~.~~.r.~~ 
i.~~! 
~?~: _ 
_ _._._..__.._ _._ 
_ 
. 


... ~... ..~~.r.i~.~~~~.._..... ...~.~~_~_~'.~~':.~~~.i~~ 
.~~I. 
~X~~.~~~.!~~.~~~. 
~~.~~~ 
.~~~~. 
~~~~~~: 
_ . 
1 
Tx Rs 
When 
"1", 
resets 
and inhibits 
the transmitter 
section . 
........ 
- 
- 
-- 
- 
_ .._._ 
. 
o 
Rx Rs 
When "1". 
resets 
and inhibits 
the receiver 
section. 


7 
EIE 
When "''', 
enables the PE, Ax Ovrn, TUF, CTS, and OCO interrupt flags IS' Bits 6 through 21- 


...;;... ..;~.~.~~~........... ...Whe~';..{ ;;:illic;~~ 
·~nc·cod;;"c;o·~t~~ts· 
to·~· i~{;~;fe~·;~· 
;;~.;;~d~rl'I;;~:~~d'~~'~bl~; 
't-h~'TUF······················· 


Status 
bit and output. 
When 
"0". 
an all mark character 
is transmitted 
on underflow. 


2 
1-Byte/2-Byte 
When 
"1", 
enables 
the TDRA 
and RDA bits to indicate 
when 
a 1-byte 
transfer 
can occur; 
when 
........ 
...~:~:: 
~.~~~. 
!~~.~.~~~ 
.~.~~ 
.~.i!~. 
!~~~~~~.~."!.~~.~.~. 
~..~~~~. 
~~~!'!~!~. 
~.~':'. 
~~~.~~: 
_. .._ 
. 
, 
PC2 
o 
PC, 


3 
CTUF 
When "''', 
clea•• TUF (S Bit 4), and IAQ if enabled. 
"""2""' ".6';~;"rn""·""""" """~iihe"~";;;;;: ~-Ieersrn- is "aii-j"l:and"i'A'ti "ii"e"~abi';d'-"""""""""""""""""" 
--"---.--"."-------.-.. -.... -.-... """""""""""""""""" 
....;... ..,:Synci2:Svnc'" Whe~';;;;;:~I~ct~'th'~·on~v·~~·~h~·;~ct;;; 
."';;;d~.;.~h~~'~;o,;:'~i~'i; 
'th~'t~~~~'h~~~t~~';;;~~: 
. 
... 0·" ..eii 'Sync·········· 
Wh.;n·;;; i;:selects' it;e 'ex'te~nai'svnc'mOde; ~'tie-";''-'eV'':se'leets-the 'inie~'riai'Iv'nc'mode:············ _ 
. 


Bit 5 
Bit 4 
Bit 3 
Word Length 
WS3 
WS2 
WSt 
0 
0 
0 
6 Bits + Even Parity 
0 
0 
t 
6 Bits + Odd Parity 
0 
t 
0 
7 Bits 
0 
t 
t 
8 Bits 
1 
0 
0 
7 Bits + Even Parity 
t 
0 
t 
7 Bits + Odd Parity 
t 
t 
0 
8 Bits + Eyen Parity 
t 
t 
t 
8 Bits + Odd Parity 
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Bit 1 
Bit 0 
SM/DTR Output at Pin 5 
PC2 
PCl 


0 
0 
"High" level· 
0 
1 
Pulse -.rLl-Bit 
Wide, on SM 


1 
0 
"low" 
level· 
1 
1 
SM Inhibited, "low"· 


• 
OUTPUT level is fixed by the data written into PC2, PC1. 
•• When "10" or "11", output is fixed at "low". 


RDA'PE 


Rx Ovrn 
CTS 
DCD 


TUF 


TDRA 


• 
INTERFACE 
SIGNALS 
FOR MPU 
The SSDA interfaces 
to the HD6800 
MPU with an 8-bit 
bi-directional data bus, a chip select line, a register select line, an 
interrupt 
request line, read/write line, an enable line, and a reset 
line. These 
signals, in conjunction 
with 
the 
HD6800 
VMA 
output, 
permit 
the MPU to have complete 
control 
over the 
SSDA. 


• 
Bi-Directional Data Bus (00-07) 
The bi-directional data bus (Do-D7) 
allow for data transfer 
between 
the SSDA and the MPU. The data bus output 
drivers 
are three-state 
devices that remain in the high impedance (oro 
state except when the MPU performs an SSDA read operation. 


• 
Enable (E) 
The Enable signal, E, is a high impedance TIL compatible 
input 
that 
enables the bus input/output 
data buffers, clocks 
data to and from the SSDA, and moves data through the FIFO 
Registers. This signal is normally 
the continuous 
HMCS6800 
System <1>2clock, so that incoming data characters are shifted 
through the FIFO. 


• 
ReadlWrite (R;W) 
The Read/Write 
line is a high impedance input that is TIL 
compatible 
and is used to control 
the direction 
of data flow 
through 
the 
SSDA's input/output 
data 
bus interface. 
When 
Read/Write 
is "High" 
(MPU read cycle), SSDA output 
drivers 
are turned 
on if the chip is selected and a selected register is 
read. When it is "Low", the SSDA output drivers are turned off 
and the MPU writes into a selected register. The Read/Write 
signal is also used to select read-only or write-only registeres 
within the SSDA. 


• 
Chip Select (CS) 
'This high impedance 
TIL 
compatible 
input line is used to 
address the SSDA. The SSDA is selected when CS is "Low". 
VMA should be used in generating the CS input to insure that 
false selects will not occur. Transfers of data to and from the 
SSDA are then performed 
under 
the control 
of the Enable 
signal, Read/Write, and Register Select. 


• 
Register Select (RS) 
The Register Select line is a high impedance 
input that is 
TIL 
compatible. 
A "High" 
level is used 
to select Control 
Registers 
C2 
and 
C3, 
the 
Sync 
Code 
Register, 
and 
the 
Transmit/Receive 
Data 
Registers. 
A "Low" 
level selects the 
Control I and Status Registers (see Table I). 


• 
Interrupt Request (IRQ) 
IRQ is a TTL compatible, 
open-drain (no internal pu1lup), 


active "Low" 
output 
that is used to interrupt 
the MPU. The 
IRQ remains "Low" until cleared by the MPU. 


• 
Reset (RES) 
The RES input provides a means of resettin~e 
SSDA from 
an external source. In the "Low" 
state, the RES input causes 
the following: 
I) Receiver Reset (Rx Rs) and Transmitter 
Reset (Tx Rs) bits 
are set causing both the receiver and transmitter 
sections to 
be held in a reset condition. 


2) Peripheral 
Control 
bits PCI and PC2 are reset 
to zero, 


causing the SM/DTR output to be "High". 


3) The Ertor Interrupt Enable (EIE) bit is reset. 
4) An internal synchronization 
mode is selected. 


5) The Transmitter Data Register Available (TDRA) status bit is 
cleared and inhibited. 
When RES returns "High" (the inactive state), the transmit- 
ter and receiver sections will remain in the reset state until the 
Receiver Reset and Transmitter 
Reset bits are cleared via the 
bus under software control. 
The control Register bits affected 
by RES (Rx Rs, Tx Rs, PCI, PC2, EIE, and ElI Sync) cannot be 
changed when RES is "Low". 


• 
CLOCK INPUTS 
Separate 
high impedance 
TIL 
compatible 
inputs 
are pro- 


vided for clocking of transmitted and received data. 


• 
Transmit Clock (Tx CLK) 
The 
Transmit 
Clock 
input 
is used 
for the 
clocking 
of 
transmitted 
data. The transmitter 
shifts data on the negative 
transition of the clock. 


• 
Receive Clock (Rx CLK) 
The Receive Clock input is used for clocking in received data. 


The 
clock and 
data 
must 
be synchronized 
externally. 
The 
receiver samples the data on the positive transition of the clock. 


• 
SERIAL 
INPUT/OUTPUT 
LINES 
• 
Receive Data (Rx Data) 
The Receive Data line is a high impedance TIL compatible 
input 
through which data is received in a serial format. 
Data 
rates are from 0 to 600 kbps. 


• 
Transmit Data (Tx Data) 
The Transmit 
Data output 
line transfers 
serial data to a 
modem or other peripheral. Data rates are from 0 to 600 kbps. 


• 
PERIPHERAL/MODEM 
CONTROL 
The SSDA includes several functions 
that 
permit 
limited 
control 
of a pe~ral 
or modem. The functions included are 
CTS, SM/DTR, DCD, and TUF. 


• 
Clear-to-5end (CTS) 
The C'fg input provides a real-time inhibit to the transmitter 
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section (the Tx Data FIFO is not disturbed). 
A positive crs 
transition 
resets the Tx Shift Register and inhibits the TDRA 
status bit and its associated 
interrupt 
in both 
the one-sync- 


character and tw<i-sync.:character modes of operation. 
TDRA is 
not affected by the crs input in the external sync mode. 
The positive transition 
of CTS is stored within the SSDA to 
insure that its occurrence will be acknowledged by the system. 
The stored CTS information 
and its associated ~ 
(if enabled) 
are cleared by writing a "I" 
in the Clear CTS bit. The ~ 
status bit subsequently 
follows the CTS input 
when it goes 
"Low". 
The Ci'S input provides character timing for transmitter data 
when in the external sync mode. Transmission is initiated on the 
negative transition 
of the first full positive clock pulse of the 
transmitter 
clock (Tx CLK) after the release of ffl (see Figure 
6). 


• 
Dna Carrier Detect (OCD) 
The Den input provides a real-time inhibit to the receiver 
section 
(the 
Rx 
FIFO 
is not 
disturbed). 
A positive ocr> 
transition resets and inhibits the receiver section except for the 
Receive FIFO and the RDRA status bit and its associated IRQ. 
The positive transition of Den is stored within the SSDA to 
insure that its occurrence will be acknowledged by the system. 
The stored Den information and its associated om (if enabled) 
are cleared by reading the Status Register and then the Receiver 
FIFO, or by writing a "I" 
into the Receiver Reset bit. The ~ 
status bit sub~ently 
follows the DCD input when it goes 
"Low". 
The Den input 
provides 
character 
synchronization 
timing 
for 
the 
receiver 
during 
the 
external 
sync mode 
of 
operation. 
The 
receiver will be initialized 
and data will be 
sampled on the positive transition of the fust full Receive Clock 


cycle after release of Den (see Figure 7). 


• 
Sync MIlCh/Data Terminal Reidy (SM/DTR) 
The SM/D'I'R: output 
provides four functions 
(see Table 4) 


depending on the state of the PCI and PC2 control bits. When 
the Sync Match mode is selected (pcI = "I", 
PC2 = "0"), 
the 


output 
provides 
a one-bit-wide 
pulse when 
a sync 
code 
is 


detected. ·This pulse occurs for each sync code match even if the 
receiver has already attained 
synchronization. 
The SM output is 


inhibited 
when 
PC2 = "I". 
The ~ 
mode 
(pcI 
= "0") 


provides an output 
level corresponding 
to the complement 
of 


PC2 (DTR = "0" when PC2 = "I ".) (see Table 4.) 


• 
Transmitter Underflow (TUF) 
The Underflow output 
indicates the occurrence of a transfer 


of a "fill character" 
to the Transmitter 
Shift Register when the 


last location 
(#'3) in the Transmit 
Data FIFO is empty. The 


Underflow 
output 
pulse is approximately 
a Tx CLK "High" 


period wide and occurs during the last half of the last bit of the 
character 
preceding 
the 
"Underflow" 
(see 
Figure 
4). 
The 


Underflow output 
pulse does not occur when the Tx Sync bit is 


in the reset state. 


• 
NOTE FOR USAGE 
If the hold time of CS signal and Rtw signal is within 50- 


230 ns, there is a case that Transmit Data FIFO is not cleared 
and TDRA 
flag is not set when software 
reset using TxRS 


(TxRS=I) 
is executed. Usual program for data transmission will 


start to send the data as shown in Fig. II and Fig. 12. 


In this case, the data of the first three bytes are not preset 


and unexpected 
data which is remaining in Transmit Data FIFO 


are sent in the first two bytes. 


Figure 11 Normal Flow of Starting 
the Transmission and Reception 


In case of SSDA, Address Hold Time should be from 20 to 
50 ns or over 230 ns. 


When .o:treII hold tirnt i, 
within 50-230 n" tometi"," 
TDRA 
11-0 i, not .t. 


• 
DCD Input in External Synchronization 
Mode 
In case of receiving data in External Synchronization 
Mode, 


Receive data is put off by one bit at times, when DCD is drived 
liken 
in RxCLK cycle in which RDA flag is set. 
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I 
Read operation 
of Receive 
Data FIFO aftar road 
operation 
of Status Register 
DCO input 


t 
Road operation 
of Raeai•• Data FIFO aftar 
read operation 
of Status Register 


(Data $FO) 


, 


Read operation 
of Receive Data FIFO 
after 
read operation 
of Status Register 
I 


Read operation 
of Receive Data FIFO 
after reed 


operation 
of Status Ragister (Data $78) 


To avoid this case, use SSDA in the following method. 


(I) 
DeD t.... and RxCLK L should meet the relation shown 
in Fig. 14. 


t) ~ 500 nsee 


tl >0 


Figure 
14 OeD 
Input 
Timing 
in External 
Sync Mode 


(2) 
RxData should be input regarding the second RxCLK rise 
as Do bit, after OCD*----. 
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HD46508, 
HD46508-1, 
HD46508A, 
HD46508A-1 
ADU (Analog Data Acquisition Unit) 


The HD46SOS is a monolithic 
NMOS device with a lo-bit 
analog-to-digital converter, a programmable voltage comparator, 
a 16-clwmel analog multiplexer and HMCS6800 microprocessor 
family compatible interface. 
Each of 16 analog inputs is either converted to a digital data 
by the analog-to-digital converter 
or compared with the speci· 
fied value by the programmable 
comparator. 
The analog·to- 


digital converter uses successive approximation 
method 
as the 
convemon 
technique. 
It's intrinsic resolution 
is 10 bits but it 
can be 8 bits if the programmer so desires. The programmable 
wltage 
comparator 
compares the input voltage with the value 
specified 
by 
the 
programmer. 
The result 
(greater 
than, 
or 
smaller than) is reflected to the flag in the status register. 
The device can expand 
its capability 
by controlling 
the 
external 
circuits 
such 
as sample 
holder, 
pre-amplifier 
and 
external multiplexer. 
With these features, this device is ideally suited to applica- 
tions such as process 
control, 
machine 
control 
and vehicle 
controL 


• 
FEATURES 
• 
1&-channel Analog multiplexer 
• 
Programmable AID Converter resolution (to-bit or 8-bit) 
• 
Programmable Voltage comparison (PC) 
• 
Convenion Time 1001ls (AID), 13jls(PC) 
• 
External Sample and Hold Circuit Control 
• 
Auto Ranlllt"switl:hingControl of External Amplifier 
• 
Waiting Function 
for the 
Settling 
Time 
of External 
Amplifier 
• 
Interrupt Control (Only for AID conversion) 
• 
Single +5V Power Supply 
• 
Compatible 
with HMCS8800 Bus (The connection 
with 
other Asynchronous Buses possible) 


Vss 
1 0 
AI, 


GAINSEL 
~ 
AI, 


~ 
3 
All 


D. 
4 
AI, 


01 
~ 
AI. 


0, 
6 
AI, 


0, 
AI, 
0, 
~, 


D. 
~. 


0, 
1 
HD46508 
AI, 
0, 
11 
AI •• 


eLK 1 
AlII 


E 
1 
04'111 


AS, 
4 
AI u 


RS,l 
AI,. 


CSt 
1 
AI" 


~l 
17 
REF(+I 
ANi lU 
COMMON 
"8"rtl 
·COMPIN 
vcc ~~'"L 
--.J"'" 
REFI-I 


Compe1'lor 


r-·1nput 
: 
ICOM'INI 
,, 
Common 


O •••1~1 
ICOMMONI 


SV Neel 
aND IVssl 


eLK I1MHII :;~AD~U?;=+:::!""~T~h.~; 
.•i::+:::! •••.. 
~:gU~_~;tyL 


H04S6OIA 
1 MH. 


H04I5OI"'·' 
1.5 MHI 


H04860I 
1 MHz 


H048f.iOI.l 
1.5MHI 


• Specifat'on 
tor to bit AIDaorMnion 
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BASIC 
TIMING 


GENERATOR 


® 
CD 


IReg.OI 


SUCCESSIVE 
APPROXIMATION 


REGISTER 


D/A 
11024 LADDER 


RESISTANCE 
& 


DECODERI 


® 


ST 


IReg.OI 


PC, GS, GO, Gl ®, ® 


IReg.O, 
II 


J: 
0 
.j>. 
en 
<.n0 


E 
~J: 
0 
CS, 
.j>. 
en 
<.n0 


CS, 
CfJ~ 


R/WCONTROL 
J: 
0 
C. START 
RS, 
.j>. 


SYNCHRONOUS 
en 
<.n 
CIRCUIT 
0 
RS, 
(X) 
'!> 
J: 
R/W 
0 
.j>. 
en 
<.n 
RES 
0 
(X) 
~~ 


AI, 


AI, 


ANALOG 


MPX 


® 


00-03 
(Reg. 11 


MI 


Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc· 
-0.3- 
+7.0 
V 


Input Voltage 
V"". 
-0.3- 
+7.0 
V 


Analog Input Voltage 
VAin. 
-0.3- 
+7.0 
V 


Operating Temperature 
ToD, 
- 20- 
+75 
·C 


Storage Temperature· 
Tit. 
- 55- 
+150 
·C 


• 
With_, 
'0 Vss (SYSTEM 
GND) 
[NOTE) 
Permenent 
LSI damage may occur if maximum 
ratings are exceeded. Normel 
operation 
should be under recommended 
operating 
conditions. 


If thele conditions 
ere exceeded, it could effect reliabilitY 
of lSI. 


Item 
Symbol 
min 
typ 
max 
Unit 


Supply Voltage 
Vcc· 
4.75 
5.0 
5.25 
V 


Input "High" Voltage 
V'H· 
2.0 
- 
Vrr 
V 
Input "low" 
Voltage 
V'L· 
-0.3 
- 
0.8 
V 


Analog Input Voltage 
VA.•••. 
0 
- 
VREF(+) 
V 


VREF(+). 
- 
Vcc 
Vcc+0.25 
Reference Voltage 
V 


VREF( ). 
-0.1 
0 
- 


VREF(+) + VREFI-). 
Vcc 
V~C+o.25 
Voltage Center of Ladder 
- 
V 
2 
-2- 


Operating Temperature 
Top, 
-20 
25 
75 
·C 


·With respect to Vss (SYSTEM GND) 


• 
ELECTRICAL 
CHARACTERISTICS 
• 
DC CHARACTERISTICS <1> 
(Vc:c. 5V ± 5%. Vss • av. Ta· 
-2O-+75·C. 
unless otherwise noted.1 


Item 
Symbol 
Test Condition 
min 
tYP 
max 
Unit 
Input "High" Voltage 
V1H 
2.0 
- 
Vcc 
V 
Input "Low" Voltage 
V'L 
-0.3 
- 
0.8 
V 


Do - 0, 
IOH = -2O!¥lA 
2.4 
- 
- 
Output "High" Voltage 
GAINSEL 
VOH 
IOH·-~A 
2.4 
- 
- 
V 


IOH • -10$lA 
Vcc-l.0 
- 
- 


Output "Low" Voltage 
0.-0,. GAINSEL 
VOL 


IOL· 
1.6 mA 
- 
- 
0.4 
IRQ 
In. =3.2mA 
V 
- 
- 
0.4 
E, CLK, Rlii 
Input Leakage Current 
RES. RSo. RS. 
I.••• 
V.•••= 0- 
5.25V 
-2.5 
- 
2.5 
IJ,A 


CSo. CS. 
Three·State (off state I 
Do - 0, 
ITS' 
·0.4- 
2.4V 
Input Current 
V.••• 
-10 
- 
10 
IJ,A 


OutPUt Leakage 
IRQ 
ILOH 
VoH·2.4V 
Current 
- 
- 
10 
IJ,A 


Power Dissipation 
Po 
- 
- 
500 
mW 


Do - 0, 
- 
- 
12.5 
pF 


Input Capacitance 
E,CLK, RNJ 
V.•••• OV, Ta • 25·C 
RES, 'RSo, RS. 
Cln 
f· 
1 MHz 
- 
- 
10.0 
pF 
CSo, CS. 


Output Capacitance 
IRQ, GAINSEL 
Cout 
V.•••• OV, Ta· 
25·C 


10.0 
pF 
f· 
1 MHz 
- 
- 
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Item 
Test Condition 
min 
typ 
max 
Unit 


Analog 
Multiplexer 
ON Resistance 
VAin 
= 5.0V. 


1 
kn 


Vcc = 4.75V. 
Ta = 25°C 
- 
- 


VAin 
= 5.0V 


Vcc = 4.75V. 
Ta = 25°C 
- 
10 
100 
nA 


OFF Channel 
Leakage Current 
COMMON = OV 


VAw. = OV. Ta = 25°C 
-100 
-10 
nA 
- 
Vcc = 4.75V. 
COMMON = 5V 


Analog 
Multiplexer 
Input 
Capacitance 
- 
- 
7.5 
pF 


Ladder 
Resistance 
VREF 
(+) 
= 5.0V 


(from 
REF(+) 
to REF(-)) 
VIIEF 
(-) 
= OV. Ta = 25°C 
10 
- 
40 
kn 


• 
CONVERTER 
SECTION 
ITa = 25°C. Vcc 
• VREF(+) = 5.0V. 
tey.c 
• 11J1.unles. otherwise noted.) 


1. la-BIT 
A/D 
CONVERSION 


HD46508A. 
HD46508A-1 
HD46508. 
HD4650B-1 


Item 
Unit 


min 
typ 
max 
min 
typ 
max 


Resolution 
- 
10 
- 
- 
10 
- 
bits 


Non·linearity 
Error 
· 
- 
±1/2 
±1 
- 
±1 
±3 
LSB 


Zero-Error 
- 
±1/2 
±3/4 
- 
±1/2 
±1 
LSB 


Full-Scali 
Error 
- 
±1/4 
±1/2 
- 
±1/2 
±1 
LSB 


Ouantization 
Error 
- 
- 
±1/2 
- 
- 
±1/2 
LSB 


Absolute 
Accuracy 
· 
- 
±1 
±3/2 
- 
±2 
±4 
LSB 


HD46508A. 
HD46508A-1 
HD46508. 
HD46508·1 
Item 
Unit 


min 
typ 
max 
min 
typ 
max 


Resolution 
- 
8 
- 
- 
8 
- 
bits 


Non-linearity 
Error 
· 
- 
±1/8 
±1/4 
- 
±1/4 
±3/4 
LSB 


Zero-Error 
- 
±1/4 
±3/8 
- 
±3/8 
±1/2 
LSB 


Full-Scali 
Error 
- 
±1/4 
±3/8 
- 
±3/8 
±1/2 
LSB 


Ouantization 
Error 
- 
- 
±1/2 
- 
- 
±1/2 
LSB 


Absolute 
Accuracy 
· 
- 
±5/8 
±3/4 
- 
±3/4 
±5/4 
LSB 


Item 
HD46508A. 
HD46508A-1 
HD46508. 
HD46508-1 


Unit 
min 
typ 
max 
min 
typ 
max 


Resolution 
- 
8 
- 
- 
8 
- 
bits 


Non-linearity 
Error 
· 
- 
±1/8 
±1/4 
- 
±1/4 
±3/4 
LSB 


Zero-Error 
- 
±1/4 
±3/8 
- 
+3/8 
+1/2 
LSB 


Full-Scali 
Error 
- 
±1/4 
±3/8 
- 
±3/8 
±1/2 
LSB 


Absolute 
Accuracy 
· 
- 
±3/8 
±5/8 
- 
±1/2 
±1 
LSB 
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• 
AC CHARACTERISTICS (Vcc· 
5.0V ± 5%, Vss • OV, T.· 
-20- 
+75°C, unless otherwise noted.) 


1. CLOCK WAVEFORM 


Test 
CO' = 0 
CO' = 1 
Item 
Symbol 
Conditions 
Unit 


min 
typ 
max 
min 
typ 
max 


ClK Cycle Time 
levec 
1.0 
- 
10 
0.5 
- 
5 
IlS 
ClK "High" Pulse Width 
PWCH 
0.45 
- 
4.5 
0.22 
- 
2.2 
IlS 
ClK "low" 
Pulse Width 
PWCL 
Fig. 2 
0.40 
- 
4.0 
0.21 
- 
2.1 
IlS 
Rise and Fall Time of 
25 
25 
tCr, tef 
- 
- 
- 
- 
ns 
ClK 


Item 
Symbol 
Test condition 
min 
typ 
max 
Unit 
IRQ Release Time 
t'R 
Fig. 3 
- 
- 
750 
ns 


tGSD' 
- 
- 
750 
ns 
GAINSEl 
Delay Time 
Fig.4 
750 
tGSD2 
- 
- 
ns 


~E 
/ 
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3. BUS TIMING 
CHARACTERISTICS 


READ 
OPERATION 
SEQUENCE 


HD46508 
HD46508·1 


Item 
Symbol 
Test 
HD46508A 
HD46508A-1 
Unit 
Condition 
min 
typ 
max 
min 
typ 
max 


Enable Cycle Time 
leveE 
1.0 
- 
- 
0.666 
- 
- 
/lS 


Enable "High" 
Pulse Width 
PWEH 
0.45 
- 
- 
0.28 
- 
- 
/lS 


Enable "Low" 
Pulse Width 
PWEL 
0.40 
- 
- 
0.28 
- 
- 
/lS 


Rise and Fall Time of Enable 
tEr 
tEf 
- 
- 
25 
- 
- 
25 
ns 


Address Set Up Time 
tAS 
Fig. 5 
140 
- 
- 
140 
- 
- 
ns 


Data Delay Time 
tOOR 
- 
- 
320 
- 
- 
220 
ns 


Data Access Time 
tACC 
- 
- 
460 
- 
- 
360 
ns 


Data Hold Time 
tH 
10 
- 
- 
10 
- 
- 
ns 


Address Hold Time 
tAH 
10 
- 
- 
10 
- 
- 
ns 
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HD4650B 
HD4650B·l 


Item 
Svmbol 
Test 
HD4650BA 
HD4650BA·l 
Unit 
Condition 
min 
typ 
max 
min 
typ 
max 


Enable Cycle Time 
levee 
1.0 
- 
- 
0.666 
- 
- 
jI.S 


Enable "High" 
Pulse Width 
PWeH 
0.45 
- 
- 
0.280 
- 
- 
jI.S 


Enable "Low" 
Pulse Width 
pwe• 
0.40 
- 
- 
0.280 
- 
- 
/.IS 


Rise and Fall Time of Enable 
tEr,tEf 
Fig. 6 
- 
- 
25 
- 
- 
25 
ns 


Address Set Up Time 
tA<: 
140 
- 
- 
140 
- 
- 
ns 


Data Set Up Time 
to<:w 
195 
- 
- 
80 
- 
- 
ns 


Data Hold Time 
tH 
10 
- 
- 
10 
- 
- 
ns 


Address Hold Time 
tAH 
10 
- 
- 
10 
- 
- 
ns 
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r 


LOAO A IO.-O"GAINSELI 


{ 


RL 
- 2.4kll 
R 
- 
l1kll 
C 
• 
l30pF 


Diod. - 
lS207~ 


or EquiV8lent 


LOAD 
B IIROI 
I 


RL 
• 2.4kll 
R 
• 
3kll 


C 
- 
l00pF 


D;od. - 
1S20748 


or Equi ..••l.nt 
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• 
Processor Interface 
Data Bus (00-07) 
The Bi-directional data lines (Do-07) 
allow data transfer 
between 
the ADU and MPU. Data bus output 
drivers are 
three state buffers that remain in the high-impedance state 
except when MPU performs a ADU read operation. 
Enable (E) 
The Enable signal (E) is used as strobe signal in MPU R/W 
operation 
with 
the 
ADU internal 
registers. This signal is 
normally derived from the HMCS6800 system clock (~). 
Chip Select (CSo. CS,) 
The Chip Select lines (CSo, CS,) are used to address the 
ADU. The ADU is selected when CSo is at "High" and CS, is 
at "Low" level. 


ReadlWrite (RIW) 
The R/W line controls the direction of data transfer be- 
tween the ADU and MPU. When R/W is at "High" level, data 
of ADU is transferred 
to MPU. When R/W is at "Low" level, 
data of MPU is transferred to ADU. 
Register Select (RSo• RS,) 
The Register Select line (RSo , RS, ) are used to select one 
of the 4 ADU internal registers. Table I shows the relation 
between (RSo, RS,) 
address and the selected register. The 
lowest 2 address lines of MPU are usually used for these 
signals. 


Reset (RES) 
This input is used to reset the ADU. An input "Low" level 
on RES line forces the ADU into following status. 
I) All the shift-registers in ADU are cleared and the conver- 
sion operation is stopped. 
2) The GAINSEL output 
goes down to "Low" 
level. The 
IRQ output is made "Off'state 
and the 00-07 
are made 
high impedance state. 


Intarrupt 
Request (IRQ) (Open Drain Output! 
This output line is used to inform the AID conversion end 
signal to the MPU. This signal becomes active "Low" level 
when IE bit in the control register 1 is "I" 
and IRQ bit in 
the control register 2 goes "I" at the end of conversion. And 
this signal returns to "High" right after The MPU reads the 
AID Data Register (R3). Programmable voltage comparison 


• 
FUNCTION OF INTERNAL REGISTERS 


• Structure 


does not affect this signal. 
• 
Analog Data Interface 
Analog Input (Alo-AI15) 
The Input Analog Data to be measured is applied to these 


Analog Input (Alo-AI, 
s). These are multiplexed by internal 


16 channel multiplexer 
and output 
to COMMOM pin. 
A 


particular 
input 
channel 
is selected when the multiplexer 


channel address is programmed 
into the control 
Register 1 


(RI). 
Multiplexer Common Output (COMMON) 
This signal is the output 
of the 16 channel analog multi- 


plexer, and may be connected 
to the input of pre-amplifier 


or sample/hold circuit according to user's purposes. When no 
external circuit needed, this output 
should be connected 
to 


the COMPIN input. 
Comparator Input (COMPIN) 
This is a high impedance input line that is used to transmit 


selected analog data to comparator. 
The COMMON line is 


usually connected 
to this input. When external Pre-amplifier 


or Sample/hold 
circuit is used, output 
of these circuits may 


be connected to this input. 
Reference Voltage (+) (REF (+» 
This line is used to apply the standard voltage to the in- 
ternalladder 
resistors. 
Reference Voltage (-) (REF (-ll 
This line is connected to the analog ground. 


• 
AOU Control 
Convenion Clock (ClK) 
The CLK is a standard clock input signals which defines 


internal timing for AID conversion and PC operation. 


Gain Select (GAINSEL) (CMOS Compatible Output! 
This output 
is used to control 
the external circuit. The 
function 
of this signal is programmable 
and it is specified 


by (Gl, GO) bits in Control Register O. By using this output, 
user can control 
the auto-range-switching 
of external pre- 


amplifier, also control external sample & hold circuit, etc. as 
well. 


[NOTE] 
This LSI is different 
from other HMCS6800 family 


LSIs in following function 
• lrnS doesn't affect IE bit of RO 


CS, 
Data Bit 
CSo 
RS, 
RSo Reg. # 
Register Name 
Read 
Write 
0 
7 
6 
5 
1 


0 
0 
0 
RO 
Control Register 0 
0 
0 
IE 
CD 
ST 
Gl 
GO 


0 
0 
1 
Rl 
Control Register 1 
0 
0 
SC 
GS 
PC 
01 
DO 


0 
1 
0 
R2 
Status & AID Data Register (H) 
0 
x 
IRQ 
BSY PCO 
C9 
C8 


0 
1 
1 
R3 
AID Data Register (l) 
0 
x 
C7 
C6 
C5 
Cl 
CO 


0 
1 
1 
R4 
PC Data Register 
x 
0 
B7 
B6 
B5 
Bl 
BO 


INote. 
a--·YES 
x ---NO 
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[I 


"1" 
"0" 


Mode Select 
See Table 2 


Not Used 


Not Used 


Not Used 


Settling 
Time 
Available 
Not Available 


ClK 
Divider 
ClK/2 
ClK 


Interrupt 
Enable· 
Enable IRQ 
Mask IRQ 
- 


"1" 
"0" 


MPX Channel Address 
See Table 3 


MPX Inhibit 
Inhibited 
Not Inhibited 


Prog. Comparator 
Select 
Prog. Comparator 
mode 
AID Converter 
mode 


GAINSEl 
Enable 
GAINSEl 
Enable 
GAINSEl 
Disable 


Short-cycle 
Conversion 
8-bit 
length 
1O-bit length 


"1" 
"0" 


Upper bit (10 bit data) . 


Data Weight 
See Table 4. 


Data Over Scale flag 
Data is over scale 
Within 
the scale' 


Not Used 


Programmable 
VA;n >Vp 
VA;n<Vp 
Comparator 
Output 


Busy flag 
Under Conversion 
Conversion 
Completed 


IRQ flag 
Requested 
Not 
Requested 


V Ai": 
Unknown 
Input Voltage 
Vp: 
Programmed 
Voltage 
by R4 


eg, C8 bits are cleared when 8 bit AID 
conversion 
is performed. 


{ 
lower 
order 8 bit Data (Normal 
10 bit Conversion) 


~--------. 
8 bit Oata (8 bit Short-cycle Conversion) 
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• 
o.-iption 
for the Intem" Register. 
~oIRlgisterO(RO) 
This Register is a S-bit read/write register that is IIIed to 
specify Interrupt 
Enable (IE), CLK Divider (CD), Settling 
Time (ST) and Mode Select (GO, Gl). This Register should 
be written before writing Rl. 


IE bit: 
(Interrupt 
Enable) 
{ 


IE = "I" , 
Interrupt is ~ested 
through the IRQ output. 


IE = "0", 
Interrupt is masked. 


{ 


CD = "1", 
CLK.;. 2 is used as internal 
clock. 
CD = "0", 
CLK is used directly. 
! 


ST = "I", 
First comparison is executed 
after I expanded cycle in 
order to compensate exter- 
nal amplifiers settling delay. 
ST = "0", 
Cycle is not delayed. 


These bits are used to specify the func- 
tion of GAINSEL signal when GS bit 
is "1" 


CD bit: 
(Clock Divider) 


STbit: 
(Settling Time) 


GO,GI bit; 
(Mode select) 


G1 
GO 
Mode Select 


0 
0 
Sample & Hold 


0 
1 
Auto Range-Switching x 2 


1 
0 
Auto Range-Switching x 4 


1 
1 
Programmable Gain Control 


Control Reginar 1 (R1) 
This register is an 8-bit read/write register that is IIIed to 
store the command for AID conversion mode and program- 
mable comparison mode. This register includes MPX channel 
address 
(Do-D), 
MPX inhibit 
(MI), programmable 
com- 
parator 
select (PC), GAiNSEL enable (GS) and short-qcle 
conversion (SC) bits. When this register (RI) is programmed, 
each conversion mode starts. 


SC bit 
(Short-qcle) 
{ 
SC = "I", 


SC = "0", 


Short-cycle conversion 
(8 bit length) 
Normal conversion 
(10 bit length) 


GAINSEL signal is 
enabled. The function of 
GAiNSEL is specified by 
(GO, GI) bits. 
GAiNSEL signal is dis- 
abled. ("Low" level) 


Programmable voltage 
comparator mode 
A/D conversion mode 


Internal MPX channel is 
inhibited in order to use 
external MPX channel. 
Internal MPX channel is 
used. 


TIlese bits are used to select the 
particular MPX channel. 


GSbit 
(GAINSEL Enable) c:::: 


PC bit 
{PC="I" 
(Program comparator) 
, 
PC = "0", 


MI bit 
{MI = "I", 
(MPX Inhibit) 


MI="O", 


00-03 
(MPX channel) 


Olannel #1 
03 
02 
01 
DO 
Analog Input 


0 
0 
0 
0 
0 
Alo 
1 
0 
0 
0 
1 
AI, 


2 
0 
0 
1 
0 
AI2 
3 
0 
0 
1 
1 
AI) 


4 
0 
1 
0 
0 
AI4 
5 
0 
1 
0 
1 
Als 
6 
0 
1 
1 
0 
AI, 


7 
0 
1 
1 
1 
AI? 
8 
1 
0 
0 
0 
Ala 
9 
1 
0 
0 
1 
AI9 
10 
1 
0 
1 
0 
AI10 
11 
1 
0 
1 
1 
AlII 
12 
1 
1 
0 
0 
AI12 
13 
1 
1 
0 
1 
AI13 
14 
1 
1 
1 
0 
AI'4 
15 
1 
1 
1 
1 
AIlS 
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PC 
SC 
Function 
GS 
(GO. Gl) 


0 
10 bit AD CONY. 
0 
DISABLE 


0 
1 
ENABLE' 


1 
8 bit AD CONY. 
0 
DISABLE 


1 
ENABLE' 


1 
x 
PROG. COMP(8 
bit) 
x 
DISABLE 


x = Do not care 
• - See Table 6 
(NOTE] 
CD bit and ST bit are effective in fNery case. 


Status & AID Data Register (HI (R21 
This register is a 7-bit read only register that is used to 


store the upper 2-bit data (C8, C9), data weight (DW), data 
overscale 
(OV), programmable 
comparator 
output 
(PeO), 


busy (BSY) and interrupt request(IRQ). 


(C8, C9) 
These bits store upper 2-bit data mea- 
(Upper bit data) 
sured by 10 bit length conversion. 


DWbit 
(Data weight) 


This 
bit 
indicates 
data 
weight 
when 
Auto range-switching mode is selected. 
This bit is set or reset when the con- 
version has completed. 
The conditions 
are shown in following Table. 
In this mode GAINSEL output also goes 
"High" or "Low" on the same condi· 
tion shown in Table 5. 
Other 
status 
of DW bit is shown in 
Table 6. 


OVbit 
(Over scale) 
This 
bit 
is set 
when 
analog data 
is 


greater than or equal to reference Volt- 
age (VREF(+ ». 


!'CO bit 
(programmable 
comparator 
Output) 


This 
bit 
indicates 
the 
result 
of pro- 


grammable voltage comparison. 
"I"-+PCO 
VAin >Vp 
"0" -+!'CO 
VAin < Vp 
VAin: 
Analog Input 
Voltage to be 
compared 


Vp : Programmed Voltage 
(R4) 


BSYbit 
(Busy) 
This bit indicates that the ADU is now 
under conversion. 


This bit is set when the AID conversion 
has completed 
and cleared by reading 


the R3. 


IRQ bit 
(Interrupt 
Request) 


AID Data Register (Ll (R31 
This register is an 8-bit read-only register that is used to 
store the lower 8 bits data of Io-bit conversion or full 8 bits 
data of the 8-bit conversion. 
PC Data Register (R41 
This register is an 8-bit write-only 
register prepared 
for 
Programmable Voltage comparison. Stored data is converted 
to digital voltage, and compared 
with analog input to be 
measured. The result of comparison is set into !'CO bit. 


410 
VA;n < 1024 • VREF(+) 


V.<206·V 
A.n 
1024 
REF(+) 
206 
VAin> 
1024 
• VREFI+) 
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OrJ 
_ 
<.wr 
a: a: 
ON---- 
~r 
a::a:: 
_ 


VJOfii 
~ 
c 
> 
ua: 
0- 
g 
e 
3 
1l'6 
::: 
I~ 
b3 ~.i 


I 
u 
l. 
a 
8 
a 
A 
$ 
8~ 
j~ 
~ 
a: a: 
!!; 
<~ 
'"!!; 
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• 
AID Conversion 
and PC sequence 
(teyc=1/ls) 


10 bits AID 
Conversion 


1) Basic Sequence 


( 
SC = "0") 
ST = "0" 
GS= 
"0" 


2) Basic Sequence 
(When overscale 
is detected I 


3) Expanded 
Sequence 


( SC= "0") 
ST = "," 
GS= 
"0" 


4) Auto 
Range· 
Switching 
Control 
Sequence 
SC = "0" 
ST = "0" 
GS= 
"," 
GO= "0" 
(G, = ",,,) 


(GO="''') 
G, = "0" 


5) Auto 
Range· 
Switching 
& Expansion 


Control 
Sequence 
SC = "0" 
ST = "," 
GS = "," 
GO= "0" 
(G, = "I") 


6) Sample & Hold 


Control 
Sequence 


( 
~$:::~::) 


GS = "," 
GO= "0" 
G1 = "0" 


t' 


(lSB) 


t 


Overseale check Cycle 
(Analog 
Input 
is com· 


pared with VREF(+).) 


Auto 
Range- switching 
cycle 
(Analog 
Input 
is compared 
with 
1/2 VREF(+) 
or 1/4 VREF(+) 


at this cycle) 


"GAINSEl" 
goes "High" 


2' 
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7) Programmable 
Gain Control 
Sequence 
( 
~~::~::) 
GS= "I" 
GO= "I" 
Gl = "I" 


8) Programmable 
Gain & Expansion 
Control Sequence 
(~::~::) 
GS= "I" 
GO= "I" 
Gl= "I" 


1) Basic Sequence 
SC = "I" 
(ST = "0") 
GS= "0" 


2) Expanded Sequence 
SC = "I") 
ST = "I" 
(GS= "0" 


1) Basic Sequence 


(PC = "1") 
ST = "0" 


2) Expanded Sequence 


(PC = "I") 
ST = "I" 


t 
Additional conversion cycle 
for rounding the LSB - 1 Bit. 


~ 


• 
Functions 
of GAINSEL 
The ADU is equipped with programmable GAINSEL out· 
put signal. By using GAiNSEL output 
and external circuit, 
the ADU is able to implement fonowing control. 


I) Auto Range·Switching (Auto Gain) Control 
2) Programmable Gain control 
3) Sample & Hold control 
GAINSEL output 
is controned 
by Mode Select bit (GO, 


GI) when GAiNSEL enable bit (GS) is "I". 


GS 
Gl 
GO 
GAINSEL 
Control Mode 
OW 


0 
x 
x 
"Low" 
Normal Use (GAINSEL is not used) 
0 
1 
0 
0 
"High" 
Sample & Hold control 
0 


1 
0 
1 
0 
Auto Range Sltvitchingx 2 control 
00 


1 
1 
0 
0 
Auto Range Switching x 4 control 
00 


1 
1 
1 
"High" 
Programmable Gain control 
1 
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(I) 
Sample & Hold Control (GI=O, GO=O) 
An example of Sample & Hold circuit is shown in Fig. 14. 
When ADU is set in Sample & Hold Control Mode, GAINSEL 
becomes "High" level on conversion and controls the data hold- 
ing. 


(2) 
Automatic 
Range Switching Control (GI=O, GO=I or GI= 
I,GO=O) 


The GAINSEL signal controls the external amplifier which can 
change the ratio of voltage amplification. (GAIN: 1-+2 times or 
I 
-+ 4 times). Fig. IS shows Automatic 
Range Switching Con- 
trol. In this case, when the input voltage is lower than 2061I024 
VREF(+), GAINSEL becomes "High" level. This makes the GAIN 
of the amplifier change from I to 4 times, and 4 times value 
of the input voltage is AID converted. Using this function even 
if an input signal is small, it is possible to execute AID conver- 
sion in nearly full scale. In this mode, when GAINSEL signal 
becomes 
"High", 
DW bit 
becomes 
"I" 
to show the range 
switching is in a progress. 


(3) Programmable GAIN Control (GI=I, 
GO=I) 
The GAINSEL signal is used for controlling 
the external 
amplifier of any GAIN which is fit to the system. 


In this mode, 
GAINSEL 
always becomes 
"High" 
at the 
beginning 
of AID conversion, 
so the change of range is con- 
trolled by GS bit. Converted data need to be corrected in soft- 
ware in accordance with GAIN of the amplifier. 
This mode is effective in the case of converting very small 
input voltage. 
(Note) 
Refer to "ADU Function Sequence" (AID Conversion 
and PC Sequence) 
for the 
timing 
in which GAIN- 
SEL signal becomes "High". GAINSEL signal becomes 
"Low" 
in accordance with "I" 
-+ "0" change of BSY 


bit. Refer to Fig. 13. 


Figure 15 Pre·amplifier Circuit 
(xl, x4 Auto-Range Switching) 


• 
Over scale Check 
ADU is equipped 
with hardware 
overscale detection 
function. 
The 
overscale 
detection 
is performed 
auto- 
matically when the result of AID conversion is 2n-1 (all 
bits = I). When analog input VAin is higher than VREF(+), 
overscale bit (OV) is set to "I". The defmition of the over- 
scale is illustrated 
in Fig. 17. And the flow of overscale 
check is shown in Fig. 16. 


r------------------- 
I 
2"-111,: 
I 


~ 
1101 
o 
I 
8 
10': 


oJ 
I 
~ 
100, 


" 
I 
o 
01,: 


I- 
0101 
~ 
: 
;:) 
001. 
o 
I 
000 
I 


0: 
1/8 : 1/<4: 3/8 
J 1/2 : 5/8 : 3/. 
: 7/8 
81a OYlr-=-l, 


fl' 
I 
I 
I 
I 
fefltr1 volta~ 
~.j .,.J•.. : •.•.•i.L1. i ......L.ov",,,., 


A/2 
R 
R 
3R/2 
(FSI 


NORMALIZED 
ANALOG 
INPUT 
Figure 17 Definition ADU's Overscale 


:over~learl. 
~AOU 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
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• 
Usage of the PC 
The ADU has a progranunable 
threshold 
voltage com- 
parator 
(PC) function. 
The threshold 
voltage is pre-setable 
from OV to 5V range with 8 bit resolution. The comparator's 


output is stored into PeO bit at the end of comarison. 


The progranunable 
voltage comparison 
time is so short 


that the interrupt 
is not requested at this mode. The end of 


comparison needs to be confmned by reading the 1-+0transi- 
tion of the BSY bit in R2. 


r------~E~------------------ 
I 


I 
I 
I 
I 
I~------------------------- 


PC=D 
: 
AID 
conversion mode 
P~=:1 
Programmable 
Voltage 


Comparison 
Mode 


80 -B7 
V p setting byte 
(upper 
bvte of 10 bit D/A. 
Lower 
byte 
is set to 
Q) 
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• 
How to use MI bit 
MI bit (RI) functions as follows. 


{ 


MI = I: 
Internal MPX channel is inhibited in order to use 
attached external MPX channel. 


MI = 0: 
Internal MPX channel is enabled. 


MI bit used to select either of External MPX and Internal 
MPX. External MP~ is connected as follows. 


(Programmabte 
Voltage 
Comparison) 


[NOTE 
J 
When external 
MPX is used as the way figure 
20. 


1 dammy AD conversion or PC at MI-' 
should be 


performed. 


(d) Voltage 
Comparison 
between two channels. 


Figure 20 PC Application Flow Chart Examples (continued) 


RtW 
RtW 
CS, 
A" 


CS. 
VMA 


HD46508 
A. 
HD6800 
ADU 
A, 
MPU 
0.-°7 


+5V 
IRQ 


I 
I 
I 
I 
I 
I 
;;@ 
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Signol 


Source 


AI. 
E 


AI, 
R 


Si_1 
I 
~,. 
CS. 


t 
Source 
I 
HD46508 
I 
ADU 
A. 
I 
RS. 
I 
RS, 
All. 
0.-0, 
r--------. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 
.J 


'SEE 
GAIN SEL 
USAGE 
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• 
DEFINITIONS 
OF 
ACCURACY 
Deftnitions of accuracy applyed to HD46508 are as follows. 
(I) 
Resolution 
The number of output binary digit. 
(2) 
Offset Error 
The difference between actual input volt- 


age and ideal input voltage for the fllSt transition. 
(when 


digital output 
code is changed from 000 ... 
00 to 000 ... 


01.) 
(3) 
Full Scale Error ... 
The difference 
between actual input 


voltage and ideal input 
voltage for the fmal transition. 
(when digital output 
code is changed from 111 ... 
10 to 


Analog 
Input 
Voltage 


111 ... 
11.) 
(4) Quantizing 
Error ... 
Error 
equipped 
in 
AID 
converter 


inherently. 
Always ±~ LSD is applied. 


(5) Non-linearity 
Error ... 
The 
maximum 
deviation 
of the 
actual transfer line from an ideal straight line. This error 
doesn't 
include 
Quantizing 
Error, 
Offset, 
or Full Scale 
Errors. 


(6) Absolute Accuracy ... 
The deviation of the digital output 
code from an analog input voltage. Absolute accuracy in- 
cludes all of (2), (3), (4), (5). 


Analog 
Input 
Voltage 
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H063084-------- 
01 PP (Document Image Pre-Processor) 


The HD63084 (DIPP) is an document image processor used 


as a peripheral of a microcomputer. 
It reads analog image signals 
that have been photoelectrically 
converted by CCD line sensors 


or other optical devices, corrects the shading distortion of the 
signals, then converts the signals to digital form. 


• 
FEATURES 
• 
High speed reading of image signals 
• 
5M pixel/sec (at input clock frequency of 10 MHz) 
• 
Highly accurate processing of image signals 
Peak level of image signals, 0.1 V - 2.0V 
Built-in B-bit peak value detection circuit 
Built-in 7-bit successive approximation 
pixel A/D and 
D/A converter 
Built-in 4-bit flash-type AID converter 
• 
Various output modes 
Binary data output mode 
Dithered 
data output 
mode (Programmable 
dithered 
pattern of 16 pixel x 16 pixel) 
4-bit coded data mode (16 gradations) 
• 
Automatic 
judgement 
of horizontal 
and vertical resolutions 
• 
Interfaceable with either Motorola type or Intel type MPU 
• 
Programmable magnification and reduction rates 
Reduction of read image signal 


: 0.125 - 
1 times (about 1000 gradations) 
Magnification of image signal to be recorded 


: 1 - B times (about 1000 gradations) 
• 
Implements the following functions on a single chip 


(Built-in) sample and hold circuit 
(Built-in) shading distortion correction RAM 
(Built-in) sensor interface 
Parallel to serial conversion of the image signal to be 
recorded. 


• 
2_5J.lmCMOS process technology 


• 
Single 5V supply 


mrr,@ 
M~/MIWR 
LNSL 
M~/LSTN 
PRl5 
J 
MA,o/MPRD 
J5WFl" 
, MAl1/PDEN/MBE 


LRD 
5 
4lTG 


LWI'\ • 
CLKI 
MAS/MDS, 
4>, 
MAD1 
II 
411 


MAD. 
• 
TRIG 


MADs 
1 
lOUT 


MAD. 
11 
AVss 


MAD31 
ISIN, 


MAD21 
ISIN2 


Voo 
1 
1 Vel 
MADl 
1 
AVOD 


Vss' 
PEAKD 
MADo, 
PEAKI 
TMSK, 
VBL 
T/RCLK, 
DAo 


T/R DATA 
SLICE, 


T/R ORO 
, 
SLICE, 


RCLKI 
VT 
T1MD 
Vss 


Do 
, LNST/IWIN 
0, 
T/R SCAN 
D, 
T/R DACK 


OJ 
R/W 
D. 
OS 
D. 
1lS 
D. 
CS 
0, 
68/80 
INT •••.•.. 
r-Voo 
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No. 
Item 
Symbol 
Value 
Unit 


1 
Supply 
Voltage 
Vnn 
-0.3 
to +7.0 
V 


Input 
Vo 1tage 
2 
(n~gital 
Input) 
VI 
-0.3 
to Vnn+O. 3 
V 
Plns 


Input 
Voltage 
3 
(n~gital 
I/O) 
VIT 
-0.3 
to Vnn+0.3 
V 
Plns 
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No. 
Item 
Symbol 
Value 
Unit 


1 
Supply 
Voltage 
AVnn 
-0.3 
to +7.0 
V 


Reference 
V2.5 


2 
Voltage 
VeL 
-0.3 
to Vnn+0.3 
V 
VBL 


Input 
Voltage 


3 
(Ar,talogInput) 
VIA 
-0.3 
to Vnn+O. 3 
V 
P:ms 
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No. 
Item 
Symbol 
Value 
Unit 


1 
Operating 
Topr 
a to +70 
°c 
Temperature 


2 
Storage 
Tstg 
-55 to +125 
°c 
temperature 


3 
Power 
Pc 
500 
Consumption 
*1 
mW 


o 
Applying 
overvoltage 
more than the maximum 
rating 
to the input terminals 
due 


to overshooting 
or under shooting 
may cause 
latch-up, 
electro-static 
break- 


down, etc. 
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No. 
Item 
Symbol 
Test 
Condition 
min 
typ 
max 
Unit 


1 
Input 
High 
VIH 
VOO=5.25V 
2.0 
- 
VOO 
\' 
Voltage 


2 
Input Low 
VIL 
VOO=4.75V 
-0.3 
- 
0.8 
V 
Voltage 


VOO=4.75V 


3 
Output 
High 
VOH 
IOH=-40011A 
3.0 
- 
- 
V 
Voltage 
VIH=2.0V 
VIL=0.8V 


VOO=4.75V 
VIH2.0V 


4 
Output 
Low 
VOL 
VIL=0.8V 
- 
- 
0.4 
V 
Voltage 
Other 
output 
pins 
: Low 
IOL=1.6mA 


5 
Input Leakage 
IIN 
VOO=5.25V 
-10 
10 
).lA 
Voltage 
VI 
=0 to VOO 
*1 
- 


IOZH 
VOO=5.25V 
-10 
- 
10 
f.!A 
Three-State 
Vo 
=VOO 
6 
(Off State) 
Leakage 
Current 
IOZL 
VOO=5.25V 
-10 
- 
10 
).lA 
Vo =VSS 


*1) The minimum 
leakage 
current 
at pin 
34 
(68/80) 
is 


-lOO).lAbecause 
it has 
an internal 
pull-up 
resistor. 
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Item 
Symbol 
I/O 
Test 
Applicable 
min 
Condition 
Pin 
typ 
max 
Unit 


DS Pulse 
Width 
tWOS6 
I 
Fig. 1-1 
DS 
450 
- 
- 
ns 


DS 
to RIfJ 
RIfJ 
Setup 
Time 
tSRW6 
I 
Fig. 1-1 
140 
- 
- 
ns 


DS 
to RIfJ 


tHRW6 
I 
Fig. 1-1 
RIfJ 
10 
- 
- 
Hold Time 
ns 


DS to CS 
CS 
Setup 
Time 
tSCS6 
I 
Fig. 1-1 
140 
- 
- 
ns 


DS 
to CS 
I 
Fig. 1-1 
CS 
Hold Time 
tHCS6 
10 
- 
- 
ns 


DS 
to RS 
I 
RS 
Setup Time 
tSRS6 
Fig. 1-1 
140 
- 
- 
ns 


DS to RS 


tHRS6 
I 
Fig. 1-1 
RS 
- 
- 
Hold Time 
50 
ns 


Read Data 
Access 
0 
Fig. 1-1 
Time 
tRAC6 
DO 
to D7 
- 
- 
320 
ns 


Read Data 
Hold 
0 
Time 
tRH6 
Fig. 1-1 
DO 
to D7 
10 
- 
- 
ns 


Write 
Data 
Setup 
- 
- 
Time 
tWS6 
I 
Fig. 1-1 
DO 
to D7 
200 
ns 


Write 
Data 
Hold 
Fig. 1-1 
Time 
tWH6 
I 
DO 
to D7 
40 
- 
- 
ns 


DS to T!RDACK 
Fig. 1-2 
Setup 
Time 
tSDK6 
I 
T/RDACK 
(140) 
- 
- 
ns 


DS to T/RDACK 


tHDK6 
I 
Fig. 1-2 
T/RDACK 
(10) 
- 
- 
Hold Time 
ns 
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Item 
Symbol 
I/O 
Test 
Appl icable 
min 
Condition 
Pin 
typ 
max 
Unit 


DS 
(RD) Pulse 
Width 
twnSB 
I 
Fig. 1-3 
DS 
300 
- 
- 
ns 


R!W 
(WR) Pulse 
Width 
tWRWB 
I 
Fig. 1-3 
R!W 
250 
- 
- 
ns 


RD to CS 
Setup 
Time 
tSRC8 
I 
,Fig. 1-3 
CS 
125 
- 
- 
ns 


RD to CS 
Hold 
Time 
tHRC8 
I 
Fig. 1-3 
CS 
0 
- 
- 
ns 


WR 
to CS 
Setup Time 
tSWC8 
I 
Fig. 1-3 
CS 
125 
- 
- 
ns 


WR 
to CS 
CS 
Hold Time 
tHWC8 
I 
Fig. 1-3 
20 
- 
- 
ns 


RD to RS 
Setup Time 
tSRR8 
I 
Fig. 1-3 
RS 
125 
- 
- 
ns 


RD to RS 
Hold Time 
tHRR8 
I 
Fig. 1-3 
RS 
50 
- 
- 
ns 


WR 
to RS 
Setup 
Time 
tSWR8 
I 
Fig. 1-3 
RS 
125 
- 
- 
ns 


WR 
to RS 
Hold Time 
tHWR8 
I 
Fig. 1-3 
RS 
70 
- 
- 
ns 


Read Data 
Access 
Time 
tRAC8 
0 
Fig. 1-3 
DO to D7 
- 
- 
300 
ns 


Read Data 
Hold 
Time 
tRH8 
0 
Fig. 1-3 
DO to D7 
10 
- 
- 
ns 


Write 
Data 
Setup 
Time 
tWS8 
I 
Fig. 1-3 
DO to D7 
180 
- 
- 
ns 


Write 
Data 
Hold 


Time 
tWH8 
I 
Fig. 1-3 
DO to D7 
50 
- 
- 
ns 


RD to T /RDACK 
Setup Time 
tSDKB 
I 
Fig. 1-4 
T/RDACK 
(125) 
- 
- 
ns 


RD to T /RDACK 
T!RDACK 
Hold Time 
tHDK6 
I 
Fig. 1-4 
(0) - 
- 
ns 


WR 
to T /RDACK 


T!RDACK 
Setup 
Time 
tSRK8 
I 
Fig. 1-4 
(l25) 
- 
- 
ns 


WR 
to T /RDACK 
Hold 
Time 
tHRK8 
I 
Fig. 1-4 
T/RDACK 
(25) 
- 
- 
ns 
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Item 
Symbol 
I/O 
Test 
Applicable 
min 
typ 
Unit 
Condition 
Pin 
max 


T/RDRQ 
positive 


tDRQH 
0 
Fig. 1-5 
T/RDRQ 
- 
- 
200 
ns 
Edge 
Delay 


T/RDRQ 
Negative 
tDRQL 
0 
Fig. 1-5 
T/RDRQ 
- 
- 
200 
ns 
Edge 
Delay 


INT positive 
tINTH 
0 
Fig. 1-6 
INT 
- 
- 
300 
Edge 
Delay 
ns 


T/RSCAN 
input 
to 
INT Negative 
tINTL 
0 
Fig. 1-6 
INT 
- 
- 
100 
ns 
Edge 
Delay 


DS 
input 
to INT 
Fig. 1-1 
Negative 
Edge 
tDSIL 
0 
INT 
- 
- 
(300) 
ns 
Delay 
Fig. 1-3 


Item 
Symbol 
I/O 
Test 
Applicable 
min 
typ 
Unit 
Cond ition 
Pin 
max 


CLKI 
Cyc le Time 
tCYC 
I 
Fig. 1-7 
CLKI 
100 
1000 
- 
ns 
*2 


RCLK 
Cycle 
Time 
tRCYC 
I 
Fig. 1-7 
RCLKI 
200 
- 
106 


*2 
ns 


TSCAN 
Pulse 
Width 
tTSW 
I 
Fig. 1-7 
T /RSCAL'I 
(2 x 
- 
- 
ns 
tCYC 


RSCAN 
Pulse 
Width 
tRSW 
I 
Fig. 1-7 
T/RSCAN 
(~C;C) - 
- 
ns 


RST Pulse 
Width 
tRSTW 
I 
Fig. 1-7 
RST 
2 x ) - 
- 
ns 
(tCYC 


TRIG 
Pulse 
Width 
tTRIG 
I 
Fig. 1-7 
TRIG 
(8) 
- 
- 
IlS 
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Item 
Symbol 
I/O 
Test 
Applicable 
min 
typ 
me-x 
Unit 
Condition 
Pin 


CLKI 
Input 
to 
tTMDT 
0 
Fig. 1-8 
TMSK 
- 
- 
200 
ns 
TMSK 
Output 
Delay 


CLKI 
Input 
to 
tTMHT 
0 
Fig. 1-8 
TMSK 
- 
- 
200 
ns 
TMSK 
Output 
Hold 


TDATA 
Output 
tTDD 
0 
Fig. 1-8 
T/RJJATA 
- 
- 
200 
ns 
Delay 


TDATA 
Output 
tTDU 
0 
Fig. 1-8 
T /RJJATA 
- 
- 
250 
ns 
Hold 


TCLK 
Positive 
tTCH 
0 
Fig. 1-8 
T/RCLK 
- 
- 
200 
ns 
Edge 
Delay 


TCLK 
Negative 
tTCL 
0 
Fig. 1-8 
T/RCLK 
- 
- 
200 
ns 
Edge 
Delay 


RCLK 
Output 
to 
tTMDR 
0 
Fig. 1-9 
TMSK 
(200) 
TMSK 
Output 
Delay 
- 
- 
*3 
ns 


RCLK 
Output 
to 
tTMHR 
0 
Fig. 1-9 
TMSK 
(200) 
TMSK 
Output 
Delay 
- 
- 
*3 
ns 


RJJATA Output 
tRJJD 
0 
Fig. 1-9 
T/RJJATA 
- 
- 
(200) 
Delay 
*3 
ns 


RJJATA Output 
tRJJH 
0 
Fig. 1-9 
T/RJJATA 
- 
- 
(200) 
Hold 
*3 
ns 


RCLK 
Positive 
tRCH 
0 
Fig. 1-9 
T/RCLK 
(200) 
Edge 
Delay 
- 
- 
*3 
ns 


RCLK 
Negat ive 
tRCL 
0 
Fig. 1-9 
T/RCLK 
- 
(200) 
- 
ns 
Edge 
Delay 
*3 
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Item 
Symbol 
I/O 
Test 
Applicable 
min 
typ 
Unit 
Condition 
Pin 
max 


TIMO 
Output 
tTO 
0 
Fig. 1-10 
TIMO 
- 
- 
200 
ns 
Delay 


LNST/IWIN 
Output 
tLN 
0 
Fig. 1-10 
LNST/IWIN 
- 
- 
250 
Delay 
(IWIN) 
ns 


rJTe Output 
Positive 
Edge 
trJTD 
0 
Fig. 1-11 
<lTe 
- 
- 
150 
ns 
Delay 


<lTe Output 
Negative 
Edge 
trJTH 
0 
Fig. 1-11 
rJTe 
- 
- 
160 
ns 


Delay 


<11 Output 
Delay 
trJlD 
0 
Fig. 1-11 
rJl 
- 
- 
100 
ns 


<11 Output 
Hold 
trJlH 
0 
Fig. 1-11 
<11 
- 
- 
130 
ns 


rJR Positive 
Edge 
trJRD 
0 
Fig. 1-13 
rJR 
- 
100 
Delay 
- 
ns 


<lR Positive 
Edge 
trJRH 
0 
Fig. 1-13 
rJR 
100 
Hold 
- 
- 
ns 


Item 
Symbol 
I/O 
Test 
Applicable 
min 
Unit 
Condition 
Pin 
type 
max 


MAS/MDS 
Positive 
tMASD 
Fig. 1-14, 


Edge 
Delay 
0 
-16, -18, 
MAS/MDS 
- 
- 
200 
ns 
-19, -20, 


MAS/MDS 
Negative 
tMASH 
Fig. 1-14,. 


Edge 
Delay 
0 
-16, -18, 
MAS/MDS 
- 
- 
200 
ns 


-19, -20, 


LNSL 
Output 
tLSD 
0 
Fig. 1-14, 
LNSL 
- 
- 
200 
ns 
Delay 
-8, -19, 


MA8 
to 11 Output 
Fig. 1-14, 
MA8/MIWR 


Delay 
*4 
tMAUD 
0 
-8, -19, 
to MA11/ 
- 
- 
200 
ns 
PDEN/MBE 


LRD 
Negative 
tLRD 
0 
Fig. 1-14, 
LRD 
- 
- 
200 
ns 
Edge 
Delay 
-8, -19, 


LRD 
Positive 
tLRH 
0 
Fig. 1-14, 
LRD 
200 
- 
- 
ns 
Edge 
Hold 
-8, -19, 


LWR 
Negative 
tLWD 
0 
Fig. 1-14, 
LWR 
- 
- 
200 
ns 
Edge 
Delay 
-8, -19, 
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Item 
Symbol 
I/O 
Test 
Applicable 
min 
typ 
Unit 
Condition 
Pin 
max 


LWR 
positive 
tLWH 
Fig. 1-14 
- 
200 
0 
LWR 
- 
- 
ns 


Edge 
Hold 
Fig. 1-19 


MAD 0 to 7 Delay 
tMADD 
0 
Fig. 1-14 
MADO-7 
- 
- 
200 
ns 
etc. 


MADO 
to 7 Hold 
tMADH 
0 
Fig. 1-14 
MADO-7 
- 
- 
200 
ns 
etc. 


MADO 
to 7 
tRDS 
Fig. 1-14 
MADO-8 
50 
Setup 
Time 
I 
- 
- 
ns 


MADO 
to 7 
tRDH 
Fig. 1-14 
MADO-7 
50 
Hold 
Time 
I 
- 
- 
ns 


MBE 
Negative 
tMBEL 
0 
Fig. 1-15 
MBE 
- 
- 
200 
ns 
Edge Delay 


T!RDACK 
Input 
to 
MAS 
Negative 
Edge 
tBASL 
0 
Fig. 1-17 
MAS/MDS 
- 
- 
200 
ns 
Delay 


T/RDACK 
Input 
to 
MAS 
positive 
Edge 
tBASH 
0 
Fig. 1-17 
MAS/MDS 
- 
- 
200 
ns 
Delay 


T/RDACK 
Input 
to 
T/RDRQ 
Negative 
tBTDR 
0 
Fig. 1-17 
T/RDRQ 
- 
- 
400 
ns 
Edge Delay 


MLNST 
positive 
tMLNH 
Fig. 1-16 


Edge 
Delay 
0 
Fig. 1-17 
MA9/LNSTN 
- 
- 
250 
ns 
Fig. 1-18 


MLNST 
Negative 
tMLNL 
Fig. 1-16 


Edge Delay 
0 
Fig. 1-17 
MA9/LNSTN 
- 
- 
300 
ns 


Fig. 1-18 


PRD 
Negative 
tpRD 
0 
Fig. 1-16 
PRD 
- 
200 
Edge 
Delay 
Fig. 1-19 
- 
ns 


PRO positive 
tpRH 
0 
Fig. 1-16 
PRD 
200 
Edge 
Hold 
Fig. 1-19 
- 
- 
ns 


PWR Negative 
tpWD 
0 
Fig. 1-18 
PWR 
- 
200 
Edge 
Delay 
Fig. 1-20 
- 
ns 


PWR positive 
tpwH 
Fig. 1-18 
PWR 
Edge 
Hold 
0 
Fig. 1-20 
- 
- 
200 
ns 


MIWR 
Negative 
tMIWL 
0 
Fig. 1-16 
MA8/MIWR 
400 
Edge 
Delay 
- 
- 
ns 


MIWR 
Positive 
tM1WH 
0 
Fig. 1-16 
MA8/MIWR 
Edge Delay 
- 
- 
200 
ns 


MPRD 
Nega tive 
tMPRL 
0 
Fig. 1-18 
MAIO/MPRD 
- 
- 
250 
Edge 
Delay 
ns 


MPRD 
positive 
tMPRH 
0 
Fig. 1-18 
MAIO/MPRD 
Edge 
Delay 
- 
- 
250 
ns 


PDEN 
Negative 
tpDEL 
0 
Fig. 1-18 
MAII/PDEN 
- 
- 
200 
Edge Delay 
/MBE 


ns 
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Other output 
and I/O pins 


(excluding analog pins) 


Output 
pin 


Output 
pin rL=120PF 


[Notes] 1. CL includes 
stray capacitance 
caused by the probe and load 


capacitance. 


2. Diodes 
are 152074 ® 
or equivalents. 


2.4V 
0.4V 
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r 


-------""( 
INPUT 
~I"'------« 
OUTPUT >- 
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--------« 
OUTPUT 
)----------( 
INPUT 
)---- 
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CLKI 
/RCLK 
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J 
1 
1 
J='TSW~ 
tRSW 


T/RSCAN 
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Timing in A Mode (2) 
During 
Burst 
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MemoryBus Interface 
Timing in B Mode (1) 
During 4-bit 
Coded Data Output 
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Timing in B Mode (2), 


During 
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MemoryBus Interface 
Timing in B Mode (J) 
During Pel Correction 
Data Detection 
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MemoryBus Interface 
Timing in C or D Mode (2) 


During Pel Correction 
Data Detection 


Item 
Symbol 
Test 
Condition 
min 
typ 
max 
Unit 


Input 
CIN 
- 
- 
12.5 
pF 
Capac itance 


Output 
COUT 
f 
= 100kHz 
- 
- 
12.5 
pF 
Capacitance 


Input/Output 
Cin/out 
- 
- 
12.5 
pF 
Capacitance 


Item 
Detailed 
Item 
Symbol 
Test 
min 
typ 
Unit 
Condition 
max 


Input 
VBL 
LBL 
VBL=3.5V 
- 
- 
1.0 
mA 
Current 


ISIN1,2 
VISIl,2 
1.5 
- 
3.5 


PEAKI 
VINP 
1.5 
- 
3.0 


Input 
SLICEl 
VINSl 
1.5 
- 
3.5 


Voltage 
V 
Range 
SLICE2 
VINS2 
1.5 
- 
3.5 


VIBL 
0.3 x 
0.7 x 
VBL 
- 
VDD 
VDD 


VICL 
0.3 x 
0.7 x 
VCL 
VDD 
- 
VDD 


lOUT 
1010 
-16.0 - 
-4.0 
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PEAKO 
IOPK 
-5.0 
- 
-0.7 
Current 


DAO 
IODO 
-6.0 
- 
-0.7 
mA 


Standby 
IDS 
- 
- 
1 
Supply 
Current 
Operating 
IDD 
CLKI=lOMHz 
- 
- 
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Item 
Detailed 
Item 
Symbol 
Test 
min 
Unit 
Condition 
typ 
max 


Resistance 
Chain 
VpO 
3.20 
- 
3.40 


PEAKO Step 0 


Resistance 
Chain 
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1.25 
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Output 
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0.1 
- 
2.0 
V 
Range 


Operating 
Image 
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VBL :3.4V 


Reading 
VIF 
VSLICE 
0.5 
- 
5.0 
MHz 
Frequency 
Frequency 
: 1.8V 
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1. 2 
Relation 
between Horizontal 
Resolution 
Conversion Ratio ({3)and Parameters 


Table 1-1 
Relation 
between Horizontal 
Resolution 
Conversion Ratio ({3)and 


Parameters 
(1) 


6 
k 
£, 


HRCM 
6 
k 
£, 


HRCM 
m 
'I' 
'0 ' 
m 
'I' 
'0' 


.125 
7 
1 
1 
0 
1 
1.1 
8 
11 
3 
8 
0 
.15 
6 
3 
2 
1 
1 
1.12 
8 
7 
1 
6 
0 
.16 
6 
4 
1 
3 
1 
1.15 
7 
3 
2 
1 
0 
.18 
5 
9 
5 
4 
1 
1.1548 
7 
13 
6 
7 
0 
B5+A4, 
B4+A3 
.2 
4 
1 
1 
0 
1 
1.16 
7 
4 
1 
3 
0 
.22 
4 
11 
6 
5 
1 
1.18 
6 
9 
5 
4 
8 
.25 
3 
1 
1 
0 
1 
1.2 
5 
1 
1 
0 
0 
.28 
3 
7 
4 
3 
1 
1. 2264 
5 
12 
5 
7 
0 
A4+B4 


.3 
3 
3 
1 
2 
1 
1.2273 
5 
5 
2 
3 
0 
A4+B4 


.32 
3 
8 
1 
7 
1 
1.24 
5 
6 
1 
5 
0 
.35 
l 
7 
6 
1 
1 
1.26 
4 
14 
11 
3 
0 


.375 
2 
3 
2 
1 
1 
1.28 
4 
7 
4 
3 
0 
.4 
2 
2 
1 
1 
1 
1.3 
4 
3 
1 
2 
0 
.44 
2 
11 
3 
8 
1 
1. 32 
4 
8 
1 
7 
0 
.45 
2 
9 
2 
7 
1 
1. 35 
3 
7 
6 
1 
0 
.5 
2 
1 
0 
1 
0 
1.375 
3 
3 
2 
1 
0 


.52 
2 
12 
1 
11 
0 
1.4 
3 
2 
1 
1 
0 


.55 
2 
9 
2 
7 
0 
1.4138 
3 
12 
5 
7 
0 
A4+A3. 
B5+B4 
.56 
2 
11 
3 
8 
0 
1. 4167 
3 
5 
2 
3 
0 
A4+A3, 
B5+B4 
.6 
2 
2 
1 
1 
0 
1.44 
3 
11 
3 
8 
0 
.6129 
2 
12 
7 
5 
0 
A3+B5 
1.45 
3 
9 
2 
7 
0 
.625 
2 
3 
2 
1 
0 
1.48 
3 
12 
1 
11 
0 
.65 
2 
7 
6 
1 
0 
1.5 
2 
1 
1 
0 
0 


.68 
3 
8 
1 
7 
0 
1.52 
2 
13 
12 
1 
0 
.7 
3 
3 
1 
2 
0 
1.55 
2 
11 
9 
2 
0 
.7073 
3 
12 
5 
7 
0 
A3+A4, 
B4+B5 
1.56 
2 
14 
11 
3 
0 


.72 
3 
7 
4 
3 
0 
1.6 
2 
3 
2 
1 
0 
.75 
3 
1 
1 
0 
0 
1. 6316 
2 
12 
7 
5 
0 
B5+A3 


.76 
4 
6 
1 
5 
0 
1. 6363 
2 
7 
4 
3 
0 
B5+A3 


.78 
4 
11 
6 
5 
0 
1.65 
2 
13 
7 
6 
0 
.8 
4 
1 
1 
0 
0 
1. 6667 
2 
2 
1 
1 
0 
.8163 
5 
9 
4 
5 
0 
B4+A4 
1. 6875 
2 
11 
5 
6 
0 
.8167 
5 
11 
5 
6 
0 
B4+A4 
1.7 
2 
7 
3 
4 
0 
.825 
5 
7 
5 
2 
0 
1.7222 
2 
13 
5 
8 
0 
.84 
6 
4 
1 
3 
0 
1. 75 
2 
3 
1 
2 
0 
.86 
7 
11 
2 
9 
0 
1.7692 
2 
10 
3 
7 
0 
.866 
7 
13 
6 
7 
0 
A3+B4, 
A4+B5 
1.8 
2 
4 
1 
3 
0 
.8661 
7 
15 
7 
8 
0 
A3+B4, 
A4+B5 
1. 8235 
2 
14 
3 
11 
0 
.875 
7 
1 
1 
0 
0 
1.8421 
2 
16 
3 
13 
0 


.9 
8 
5 
1 
4 
0 
1. 8667 
2 
13 
2 
11 
0 
.925 
8 
5 
2 
3 
0 
1.8824 
2 
15 
2 
13 
0 
.95 
8 
5 
3 
2 
0 
1.9 
2 
9 
1 
8 
0 


.975 
8 
5 
4 
1 
0 
1. 9231 
2 
12 
1 
11 
0 


1.0 
8 
1 
1 
0 
0 
1.9412 
2 
16 
1 
15 
0 


1.024 
8 
16 
13 
3 
0 
2.0 
2 
1 
0 
1 
0 
1.03 
8 
13 
9 
4 
0 
2.0625 
2 
16 
1 
15 
1 
1.062 
8 
15 
8 
7 
0 
2.0833 
2 
12 
1 
11 
1 
1.081 
8 
5 
2 
3 
0 
2.1 
2 
10 
1 
9 
1 
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Table 1-1 
Relation 
between Horizontal 
Resolution 
Conversion Ratio ({3)and 
Parameters (2) 


13 
£ 


13 
k 
£ 
HRCM 
m 
k 
'1' 
'0' 
HRCM 
m 
'1' 
'0 ' 
2.125 
2 
8 
1 
7 
1 
3.3846 
3 
13 
5 
8 
1 
2.1429 
2 
7 
1 
6 
1 
3.4167 
3 
12 
5 
7 
1 
2.1667 
2 
6 
1 
5 
1 
3.4375 
3 
16 
7 
9 
1 
2.1875 
2 
16 
3 
13 
1 
3.4545 
3 
11 
5 
6 
1 
2.2143 
2 
14 
3 
11 
1 
3.5 
3 
2 
1 
1 
1 
2.25 
2 
4 
1 
3 
1 
3.5333 
3 
15 
8 
7 
1 
2.2727 
2 
11 
3 
8 
1 
3.5556 
3 
9 
5 
4 
1 
2.3 
2 
10 
3 
7 
1 
3.5714 
3 
7 
4 
3 
1 
2.3333 
2 
3 
1 
2 
1 
3.6 
3 
5 
3 
2 
1 
2.3637 
2 
11 
4 
7 
1 
3.625 
3 
8 
5 
3 
1 
2.3846 
2 
13 
5 
8 
1 
3.6667 
3 
3 
2 
1 
1 
2.4167 
2 
12 
5 
7 
1 
3.6923 
3 
13 
9 
4 
1 
2.4449 
2 
9 
4 
5 
1 
3.7 
3 
10 
7 
3 
1 
2.4667 
2 
15 
7 
8 
1 
3.7277 
3 
11 
8 
3 
1 
2.5 
2 
2 
1 
1 
1 
3.75 
3 
4 
3 
1 
1 
2.5385 
2 
13 
7 
6 
1 
3.7778 
3 
9 
7 
2 
1 
2.5625 
2 
16 
9 
7 
1 
3.8 
3 
5 
4 
1 
1 
2.6154 
2 
13 
8 
5 
1 
3.8572 
3 
7 
6 
1 
1 
2.6364 
2 
11 
7 
4 
1 
3.8889 
3 
9 
8 
1 
1 
2.6667 
2 
3 
2 
1 
1 
3.9091 
3 
11 
10 
1 
1 
2.6923 
2 
13 
9 
4 
1 
3.9231 
3 
13 
12 
1 
1 
2.7143 
2 
7 
5 
2 
1 
3.9375 
3 
16 
15 
1 
1 
2.7333 
2 
15 
11 
4 
1 
4.0 
3 
1 
1 
0 
1 
2.7692 
2 
13 
10 
3 
1 
4.0625 
4 
16 
1 
15 
1 
2.7857 
2 
14 
11 
3 
1 
4.0833 
4 
12 
1 
11 
1 
2.8125 
2 
16 
13 
3 
1 
4.1 
4 
10 
1 
9 
1 
2.8333 
2 
6 
5 
1 
1 
4.125 
4 
8 
1 
7 
1 
2.8571 
2 
7 
6 
1 
1 
4.1429 
4 
7 
1 
6 
1 
2.875 
2 
8 
7 
1 
1 
4.1667 
4 
6 
1 
5 
1 
2.9 
2 
10 
9 
1 
1 
4.1818 
4 
11 
2 
9 
1 
2.9167 
2 
12 
11 
1 
1 
4.2 
4 
5 
1 
4 
1 
2.9333 
2 
15 
14 
1 
1 
4.2222 
4 
9 
2 
7 
1 
3.0 
2 
1 
1 
0 
1 
4.25 
4 
4 
1 
3 
1 
3.0625 
3 
16 
1 
15 
1 
4.2667 
4 
15 
4 
11 
1 
3.0833 
3 
12 
1 
11 
1 
4.2857 
4 
7 
2 
5 
1 
3.1111 
3 
9 
1 
8 
1 
4.3077 
4 
13 
4 
9 
1 
3.125 
3 
8 
1 
7 
1 
4.3334 
4 
3 
1 
2 
1 
3.1429 
3 
7 
1 
6 
1 
4.3572 
4 
14 
5 
9 
1 
3.1667 
3 
6 
1 
5 
1 
4.3946 
4 
13 
5 
8 
1 
3.1875 
3 
16 
3 
13 
1 
4.4167 
4 
12 
5 
7 
1 
3.2143 
3 
14 
3 
11 
1 
4.4375 
4 
16 
7 
9 
1 
3.2308 
3 
13 
3 
10 
1 
4.4545 
4 
11 
5 
6 
1 
3.2667 
3 
15 
4 
11 
1 
4.5 
4 
2 
1 
1 
1 
3.2857 
3 
7 
2 
5 
1 
4.5333 
4 
15 
8 
7 
1 
3.3077 
3 
13 
4 
9 
1 
4.5556 
4 
9 
5 
4 
1 
3.33 
3 
3 
1 
2 
1 
4.5833 
4 
12 
7 
5 
1 
3.3636 
3 
11 
4 
7 
1 
4.625 
4 
8 
5 
3 
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Table 1-1 
Relation 
between Horizontal 
Resolution 
Conversion Ratio ((3) and 
Parameters 
(3) 


S 
k 
!l- 
S 
k 
!I- 
HRCM 
m 
'1 ' 
'0 
HRCM 
m 
,l' 
'0 ' 
4.6429 
4 
14 
9 
5 
1 
5.867 
5 
15 
13 
2 
1 
4.6666 
4 
3 
2 
1 
1 
5.8889 
5 
9 
8 
1 
1 
4.6875 
4 
16 
11 
5 
1 
5.9091 
5 
11 
10 
1 
1 
4.7143 
4 
7 
5 
2 
1 
5.9231 
5 
13 
12 
1 
1 


4.7333 
4 
15 
11 
4 
1 
5.9375 
5 
16 
15 
1 
1 
4.75 
4 
4 
3 
1 
1 
6.0 
5 
1 
1 
0 
1 


4.7779 
4 
9 
7 
2 
1 
6.0625 
6 
16 
1 
15 
1 
4.8 
4 
5 
4 
1 
1 
6.0667 
6 
15 
1 
14 
1 
4.8333 
4 
6 
5 
1 
1 
6.0833 
6 
12 
1 
11 
1 


4.8572 
4 
7 
6 
1 
1 
6.1 
6 
10 
1 
9 
1 


4.875 
4 
8 
7 
1 
1 
6.125 
6 
8 
1 
7 
1 
4.9 
4 
10 
9 
1 
1 
6.1428 
6 
7 
1 
6 
1 
4.9167 
4 
12 
11 
1 
1 
6.1667 
6 
6 
1 
5 
1 
4.9333 
4 
15 
14 
1 
1 
6.1818 
6 
11 
2 
9 
1 
5.0 
4 
1 
1 
0 
1 
6.2 
6 
5 
1 
4 
1 
5.0625 
5 
16 
1 
15 
1 
6.2222 
6 
9 
2 
7 
1 


5.0833 
5 
12 
1 
11 
1 
6.25 
6 
4 
1 
3 
1 
5.1 
5 
10 
1 
9 
1 
6.2727 
6 
13 
3 
10 
1 
5.125 
5 
8 
1 
7 
1 
6.3 
6 
10 
3 
7 
1 
5.1429 
5 
7 
1 
6 
1 
6.3333 
6 
3 
1 
2 
1 
5.1667 
5 
6 
1 
5 
1 
6.3636 
6 
11 
4 
7 
1 


5.1875 
5 
16 
3 
13 
1 
6.3846 
6 
13 
5 
8 
1 
5.2143 
5 
14 
3 
11 
1 
6.4167 
6 
12 
5 
7 
1 
5.2308 
5 
13 
3 
10 
1 
6.4375 
6 
16 
7 
9 
1 
5.2667 
5 
15 
4 
11 
1 
6.4615 
6 
13 
6 
7 
1 


5.2857 
5 
7 
2 
5 
1 
6.5 
6 
2 
1 
1 
1 


5.3077 
5 
13 
4 
9 
1 
6.5334 
6 
15 
8 
7 
1 


5.333 
5 
3 
1 
2 
1 
6.5556 
6 
9 
5 
4 
1 
5.3636 
5 
11 
4 
7 
1 
6.5833 
6 
12 
7 
5 
1 
5.3846 
5 
13 
5 
8 
1 
6.6154 
6 
13 
8 
5 
1 


5.4167 
5 
12 
5 
7 
1 
6.6364 
6 
11 
7 
4 
1 
5.4375 
5 
16 
7 
9 
1 
6.6667 
6 
3 
2 
1 
1 
5.4546 
5 
11 
5 
6 
1 
6.6923 
6 
13 
9 
4 
1 


5.5 
5 
2 
1 
1 
1 
6.7143 
6 
7 
5 
2 
1 
5.5385 
5 
13 
7 
6 
1 
6.75 
6 
4 
3 
1 
1 
5.5556 
5 
9 
5 
4 
1 
6.7778 
6 
9 
7 
2 
1 


5.5714 
5 
7 
4 
3 
1 
6.8 
6 
5 
4 
1 
1 


5.6 
5 
5 
3 
2 
1 
6.8334 
6 
6 
5 
1 
1 
5.625 
5 
8 
5 
3 
1 
6.8572 
6 
7 
6 
1 
1 
5.6429 
5 
14 
9 
5 
1 
6.8889 
6 
9 
8 
1 
1 
5.6667 
5 
3 
2 
1 
1 
6.909 
6 
11 
10 
1 
1 


5.6923 
5 
13 
9 
4 
1 
6.9286 
6 
14 
13 
1 
1 
5.7143 
5 
7 
5 
2 
1 
6.9375 
6 
16 
15 
1 
1 


5.7333 
5 
15 
11 
4 
1 
7.0 
6 
1 
1 
0 
1 


5.7692 
5 
13 
10 
3 
1 
7.0625 
7 
16 
1 
15 
1 


5.7857 
) 
14 
11 
3 
1 
7.0833 
7 
12 
1 
11 
1 
5.8182 
5 
11 
9 
2 
1 
7.1 
7 
10 
1 
9 
1 
5.8461 
5 
13 
11 
2 
1 
7.125 
7 
8 
1 
7 
1 
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Table 1-1 
Relation 
between Horizontal 
Resolution 
Conversion Ratio ((3) and 
Parameters 
(4) 


13 
k 
i 
HRCM 
13 
k 
i 
HRCM 
m 
'1 ' 
'0' 
m 
'I' 
'0' 


7.1429 
7 
7 
1 
6 
1 
7.1667 
7 
6 
1 
5 
1 
7.1875 
7 
16 
3 
13 
1 


7.2143 
7 
14 
3 
11 
1 
7.25 
7 
4 
1 
3 
1 
7.2727 
7 
11 
3 
8 
1 
7.3 
7 
10 
3 
7 
1 
7.3333 
7 
3 
1 
2 
1 
7.375 
7 
8 
3 
5 
1 


7.4 
7 
5 
2 
3 
1 
7.4286 
7 
7 
3 
4 
1 
7.4445 
7 
9 
4 
5 
1 
7.4615 
7 
13 
6 
7 
1 
7.5 
7 
2 
1 
1 
1 
7.5385 
7 
13 
7 
6 
1 
7.5625 
7 
16 
9 
7 
1 
7.5833 
7 
12 
7 
5 
1 
7.6154 
7 
13 
8 
5 
1 
7.6364 
7 
11 
7 
4 
1 
7.6666 
7 
3 
2 
1 
1 
7.6923 
7 
13 
9 
4 
1 
7.7143 
7 
7 
5 
2 
1 
7.7334 
7 
15 
11 
4 
1 
7.7692 
7 
13 
10 
3 
1 
7.8 
7 
5 
4 
1 
1 
7.8333 
7 
6 
5 
1 
1 
7.8571 
7 
7 
6 
1 
1 
7.875 
7 
8 
7 
1 
1 
7.9 
7 
10 
9 
1 
1 
7.9231 
7 
13 
12 
1 
1 
7.9336 
7 
15 
14 
1 
1 
8.0 
7 
1 
1 
0 
1 
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HD63085-------- 
DICEP(Document 
Image Compression and 
Expansion Processor) 


The HD63085 (DICEP) is a LSI that compresses (or encodes) 
and expands (or decodes) the digital data representing a docu- 
ment image. 
The DlCEP uses Modified Huffman (MH) coding 
scheme, 
Modified 
Relative Element 
Address Designate (MR) 


coding scheme and Modified MR (M'R) 
coding scheme which 
are compatible 
with the CCI1T (Comite Consultatif 
Interna- 
tional 
Telegraphique 
et 
Telephonique) 
recommendations 
for 
Group 3 and Group 4 facsimile apparatus. 


As the DlCEP stores coding and decoding algorithms in the 
microprogram 
ROM as firmare, a single MPU command allows 
this LSI to encode or decode a scan line of digital data. 


This LSI is suitable for Group 3 and Group 4 facsimile appa- 
ratus, me serves, intelligent copies, terminals, word processors, 
laser beam printers and other office automation systems. 


• 
FEATURES 
• 
Various 
coding 
schemes 
..... 
MH, MR, M'R 
and 
Run 
length cod ing 
• 
Compatible 
with the CCITT recommendation 
for Group 3 
and Group 4 facsimile apparatus 


• 
Interfaceable with either Motorola type MPU or Intel type 
MPU 
• 
DMA capability through the document image bus 
4M Byte/sec (at input clock frequency of 32 MHz) 
• 
A variety of programmable parameters 
The length of a scan line: 0 - 65535 bits 
The number of RTC or EOl code words: 0 - 65535 
Programmable starting address 
Coding and decoding of a desired part of a document 
• 
Selectable document image bus size 
Document image bus 
: 8 bits or 16 bits 
System bus 
: 8 bits 
• 
64K Bytes of document 
image memory 
is available inde- 
pendently of the MPU 
• 
2 /-lm CMOS process technology 
• 
Single 5V supply 
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Nc 
Item 
Symbol 
Value 
Unit 


1 
Supply 
Voltage 
VDD * 
-0.3 
to +7.0 
V 


2 
Input 
Voltage 
Vin * 
-0.3 
to +7.0 
V 


3 
Operating 
Topr 
0 to +70 
°C 
Temperature 


4 
Storage 
Tstg 
-55 to +150 
°C 
Temperature 


No 
Item 
Symbol 
min 
typ 
max 
Unit 


1 
Supply 
Voltage 
VDD * 
4.75 
5 
5.25 
V 


2 
ViL * 
-0.3 
- 
0.8 
V 
- 
Input 
Voltage 
3 
ViH * 
2.2 
- 
VDD 
V 


4 
Operating 
Topr 
0 
25 
70 
°C 
Temperature 
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No 
Item 
Symbol 
Test 
Conditior 
min 
typ 
max 
Unit 


1 
Input 
High 
VIH 
2.2 
- 
VDD 
V 
Voltage 


2 
Input 
Low 
VIL 
-0.3 
- 
0.8 
V 
Voltage 


3 
Input 
Leakage 
IIN 
Vin=O 
to 
-10 
- 
10 
pA 
Voltage 
5.25V 


4 
Three-State 
Vin=O 
to 
-10 
- 
10 
pA 
(Off State) 
Itsi 
5.25V 
Leakage 
Current 


5 
Output 
High 
VOH 
IOH=-400pA 
2.4 
- 
- 
V 
Voltage 


6 
Output 
Low 
VOL 
IOL= 
2mA 
- 
- 
0.4 
V 
Voltage 


7 
Standby 
Current 
IDDS 
- 
- 
1 
mA 


8 
Power 
PD 
150 
- 
mW 
Dissipation 


No 
Item 
Symbol 
Test 
Codition 
min 
typ 
max 
Unit 


1 
Input 
CIN 
8 
pF 
Capacitance 


2 
Output 
COUT 
f = 1MHz 
10 
pF 
Capacitance 


3 
Input/Output 
CI/O 
12 
pF 
Capacitance 
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Item 
Symbol 
Test 
min 
typ 
max 
Unit 
Application 
Condition 
Terminal 


4CLK 
Cycle 
¢ 4CLK 
Fig. 1-1 
ns 
4CLK 
Time 


4CLK 
Pulse 
PWH 
Fig. 1-1 
ns 
4CLK 
Width 
PWL 


4CLK 
Rise 
tr 
Fig. 1-1 
ns 
4CLK 
Time 


4CLK 
Fall 
tf 
Fig. 1-1 
ns 
4CLK 


Time 
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VDD:5.0V+5%, 
Vss:OV, 
Ta:O 
to +70DC 
Cout:140pF 
unless 
otherwise 
noted.) 


Item 
Symbol 
Test 
min 
typ 
max 
Unit 
Applicatior 
Condition 
Terminal 


DS 
Cycle 
tCYCE 
500 
ns 
DS 
Time 
Fig. 1-2 
Fig. 1-5 


DS 
Pulse 
PWEH 
Fig. 1-2 
220 
ns 
DS 
Width 
PWEL 
Fig. 1-5 


DS 
Rise 
or 
tr 
Fig. 1-2 
25 
ns 
DS 
Fall 
Time 
tf 
Fig. 1-5 


Address 
tAS 
Fig. 1-2 
70 
ns 
CS.L AO-A2, 
Setup 
Time 
R/W 


Address 
tAH 
Fig. 1-2 
30 
ns 
CS.L AO-A2, 
Hold 
Time 
R/W 


Output 
Data 
tDDR 
Fig. 1-2 
180 
ns 
DO-D7 
Delay 
Time 
Fig. 1-5 


Output 
Data 
tDHR 
Fig. 1-2 
10 
ns 
DO-D7 
Hold 
Time 
Fig. 1-5 


Input 
Data 
tDSW 
Fig. 1-2 
60 
ns 
DO-D7 
Setup 
Time 
Fig. 1-5 


Input 
Data 
tDHW 
Fig. 1-2 
40 
ns 
DO-D7 
Hold 
Time 
Fig. 1-5 


IRQT 
ReleasE 
tIRQT 
Fig. 1-2 
ns 
IRQT 
Time 


DACKI 
Setup 
tAS 
Fig. 1-5 
70 
ns 
DACKI 
Time 


DACKI 
Hold 
tAH 
30 
ns 
DACIa 
Time 
Fig. 1-5 


DRQTO 
tDRQTO 
Fig. 1-5 
ns 
DRQTO 
Release 
Time 
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HD63085 ----------------------------------- 
1.3.2.2 
Using and Intel Type MPU (8086, 8080, etc.) 
( VDD=5.0V~5%, 
Vss=OV, 
Ta=O 
to 
+70oC 
Cout=140pF 
unless 
otherwise 
noted.) 
Item 
Symbol 
Test 
min 
typ 
max 
Unit 
Applicatio~ 


Condition 
Terminal 


Address 
tAR 
Fig. 1-3 
70 
CS, 
AO-A2, 


Setup 
Time 


Address 
tRA 
Fig. 1-3 
30 
CS, AO-A2, 


Hold 
Time 


Output 
Data 
tRD 
Fig. 1-3 
180 
DO-D7 
Delay 
Time 
Fig. 1-6 


Output 
Data 
tDR 
Fig. 1-3 
10 
DO-D7 
Hold 
Time 
Fig. 1-6 


Read 
Pulse 
tRW 
Fig. 1-3 
200 
DS 
Width 
Fig. 1-6 


Adress 
tAW 
Fig. 1-4 
70 
CS, 
AO-A2 


Setup 
Time 


Address 
tWA 
Fig. 1-4 
30 
CS, AO-A2 
Hold 
Time 


Input 
Data 
tWD 
Fig. 1-4 
60 
DO-D7 
Setup 
Time 
Fig. 1-7 


Input 
Data 
tDW 
Fig. 1-4 
40 
DO-D7 
Hold 
Time 
Fig. 1-7 


Write 
Pulse 
tWW 
Fig. 1-4 
200 
R/W 
Width 
Fig. 1-7 


IRQT 
ReleasE 
tIRQT 
IRQT 
Time 
Fig. 1-3 


DACl<1 Setup 
tAR 
70 
DACKI 
Time 
Fig. 1-6 


DACKI 
Hold 
tRA 
30 
DACKI 
Time 
Fig. 1-6 


DACKI 
Setup 
tAW 
70 
DACKI 
Time 
Fig. 1-7 


DACK1 
Hold 
tWA 
30 
DACK1 
Time 
Fig. 1-8 


DRQTO 
tDRQTO 
DRQTO 
Release 
Time 
Fig. 1-6 
Fig. 1-7 
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~ 


DD=5'OV~5$' 
Vss=OV, 
Ta=O 
to +70°C, 
Cout=140pF 
otherwise 
noted. 
However, 
the 
values 
in the 
parentheses 
are 
the 
at Cout=50pF. 


unles~ 


valuesj 


Item 
Symbol 
Test 
min 
typ 
max 
Unit 
Application 
Condition 
Terminal 


Address 
Enable 
Fig. 1-8 
-- 
Active 
Delay 
tDAEL 
Fig. 1-9 
(70) 
150 
ns 
MAEN 
Time 
Address 
Enable 
Fig. 1-8 
-- 
Inactive 
Delay 
tDAEH 
Fig. 1-9 
(70) 
140 
ns 
MAEN 
Time 
Address 
Strobe 
Fig. 1-8 
Active 
Delay 
tDASH 
Fig. 1-9 
(70) 
140 
ns 
MAS 
Time 
Address 
Strobe 
Fig. 1-8 
Inactive 
Delay 
tDASL 
Fig. 1-9 
(60) 
120 
ns 
MAS 
Time 
Data 
Strobe 
Fig. 1-8 
-- -- 
Valid 
Delay 
tDDSV 
Fig. 1-9 
(60) 
140 
ns 
UDS, 
LDS 
Time 
Data 
Strobe 
-- -- 
Active 
Delay 
tDDSL 
Fig. 1-8 
(75) 
140 
ns 
UDS, 
LDS 
Time 
Fig. 1-9 


Data 
Strobe 
Fig.1-8 
-- -- 
Inactive 
Delay 
tDDSH 
Fig. 1-9 
(75) 
140 
ns 
UDS, 
LDS 
Time 
Data 
Strobe 
. 


Fig. 1-8 
-- -- 
Float 
Delay 
tDDSX 
Fig. 1-9 
( 
) 
ns 
UDS, 
LDS 
Time 
Data 
Enable 
(80) 
-- 
Active 
Delay 
tDDEL 
Fig. 1-8 
130 
ns 
MDEN 
Time 
Data 
Enable 
Inactive 
Delay 
(75) 
140 
-- 
tDDEH 
Fig. 1-8 
ns 
MDEN 
Time 
Read 
Valid 
Fig. 1-8 
-- - 
Delay 
Time 
tDRDV 
Fig. 1-9 
(60 ) 140 
ns 
lOR, 
MR 


Read 
Active 
Fig. 1-8 
Delay 
Time 
tDRDL 
(70) 
140 
-- - 
Fig. 1-9 
ns 
lOR, 
MR 


Read 
Inactive 
Fig.1-8 
Delay 
Time 
tDRDH 
140 
-- - 


Fig. 1-9 
(75) 
ns 
lOR, 
MR 


Read 
Float 
Fig. 1-8 
Delay 
Time 
tDRDX 
( 
) 
-- - 
Fig. 1-9 
ns 
lOR, 
MR 
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Item 
Symbol 
Test 
min 
typ 
max 
Unit 
Application 
Condition 
Terminal 


Write 
Valid 
Fig. 1-8 
-- - 
Delay 
Time 
tDWRV 
Fig. 1-9 
(60) 
140 
ns 
lOW, 
MW 


Write 
Active 
Fig. 1-8 
-- - 
Delay 
Time 
tDWRL 
Fig. 1-9 
(70) 
140 
ns 
lOW, 
MW 


Write 
Inactive 
Fig. 1-8 
-- - 
Delay 
Time 
tDWRH 
Fig. 1-9 
(80) 
140 
ns 
lOW, 
MW 


Write 
Float 
Fig. 1-8 
-- - 
Delay 
Time 
tDWRX 
Fig. 1-9 
( 
) 
ns 
lOW, 
MW 


Address 
Valid 
Fig. 1-8 
MA/MDO 
- 
Delay 
Time 
tMAV 
Fig. 1-9 
(75) 
140 
ns 
MA/MD15 


Address 
Hold 
Fig. 1-8 
MA/MDO 
- 
Delay 
Time 
tMAH 
Fig. 1-9 
25 
(50) 
ns 
MA/MD15 


Data 
Setup 
MA/MDO 
- 
Time 
(Read) 
tDSR 
Fig. 1-8 
10 
(10) 
ns 
MA/MD15 


Data 
Hold 
MA/MDO 
- 
Time 
(Read) 
tDHR 
Fig. 1-8 
70 
(70) 
ns 
MA/MD15 


Data 
Delay 
MA/MDO 
- 
Time 
(Write) 
tDDW 
Fig. 1-8 
(95) 
170 
ns 
MA/MD15 


Data 
Hold 
MA/MDO 
- 
Time 
(Write) 
tDHW 
Fig. 1-8 
15 
(15 ) 
ns 
MA/MD15 


DMA 
Acknowlege 
--- 
Active 
Delay 
tDAKL 
Fig. 1-9 
(60) 
140 
ns 
DACKO 
Time 
DMA 
Acknowlege 
--- 
Inactive 
Delay 
tDAKH 
Fig. 1-9 
(65) 
140 
ns 
DACKO 
Time 
DMA 
Active 
(80) 
140 
-- 
Delay 
Time 
tDDMAL 
Fig. 1-9 
ns 
DMA 


DMA 
Inactive 
Delay 
Time 
(70) 
140 
-- 
tDDMAH 
Fig. 1-9 
ns 
DMA 


DTC 
Active 
4CLK 
4CLK 
Delay 
Time 
tDDTCH 
Fig. 1-9 
+ 75 
+140 
ns 
DTC 


DTC 
Inactive 
Delay 
Time 
tDDTCL 
Fig. 1-9 
(50) 
130 
ns 
DTC 


~HITACHI 


Hitachi America 
Ltd. 
• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


R/W 


AO-A2 


DO-D7 
(SYSTEM 
BUS" 
DICEP) 


VIR 


VIL 


DO-D7 
(DICEP" 
SYSTEM BUS) 


___ 
tIRQ~ 


VOL~ 
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DO-D7 


(DICEP ..•.SYSTEM BUS) 


VOH 
VOL 


URQT~ 


VOL 


Fig. 1-3 
System Bus Read Timing 


(80 
Type 
MPU) 


VIH 


VIL 


VIH 


VIL 
I 


DO-D7 
VIH 


(SYSTEM BUS ..•.DICEP) 
VIL 


Fig. 
1-4 
System Bus Write Timing 


(80 
Type 
MPU) 
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DO-D7 
(SYSTEM 
BUS - 
DICEP) 


DO-D7 
(DICEP 
~ 
SYSTEM 
BUS) 


System 
Bus DMATiming 
(Motorola 
Type MPU) 


VOH 


VOL 


tDRQT1 


VOL 
_--------- 
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DO-D7 
(DICEP-? 
SYSTEM BUS) 
mom ~ 


VOL -i=------------- 


System 
Bus DMATiming 
(DICEP--->SYSTEMBUS) 
(80 Type MPU) 


DO-D7 
(SYSTEM 
BUS -;.DICEP) 


1 


'"RQT" "j_ 


VOL ~ 
_ 


System 
Bus DMATiming 


(SYSTEM BUS--->DICEP) 
(Intel 
Type MPU) 
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MAEN 


tDASH 
tDASL 


MAS 
VOH 
VOL 


tDDSV 
tDDSL 
tDDSH 
tDDSX 


UDS 


LDS 


tDDEL 


MDEN 
VOL 


tDRDV 


lOR 


MR 
VOL 


tMAH 
tDSR 


MA/HDO 
- 
VOH 
VlH 


MA/MD15 
VOL 
VlL 


tDWRV 
tDWRL 
tDWRH 
tDWRX 


lOW 


MW 
tDDW 


tDHW 


MA/MDO 
- 
VOH 
VOH 
VOH 
MA/MD15 
VOL 
VOL 
VOL 
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lOR 
MR 


MW 
lOW 


MA/MDO- 
MA/MDIS 
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The HD68230 Parallel Interface/Timer 
provides versatile double 
buffered 
parallel interfaces 
and an operating system oriented 
timer to HD68000 systems. The parallel interfaces operate in 
unidirectional 
or bidirectional modes, either 8 or 16 bits wide. 


In the unidirectional modes, an assOciated data direction register 
determines whether the port pins are inputs or outputs. In the 
bidirectional modes the data direction registers are ignored and 
the direction 
is determined 
dynamically by the state of four 
handshake 
pins. These programmable handshake pins provide 
an interface flexible enough for connection 
to a wide variety 
of low, medium, or high speed peripherals or other computer 
systems. The PI/T ports allow use of vectored or autovectored 
interrupts, and also provide a DMA Request pin for connection 
to the HD68450 Direct Memory Access Controller or a similar 
circuit. The PI/T timer contains a 24·bit wide counter and a 
5·bit prescaler. The timer may be clocked by the system clock 
(PI/T CLK pin) or by an external clock (TIN pin), and a 5·bit 
prescaler can be used. It can generate periodic 
interrupts, 
a 
square wave, or a single interrupt 
after a programmed 
time 
period. Also it can be used for elapsed time measurement 
or 
as a device watchdog. 


• 
FEATURES 


• 
HD68000 
Bus Compatible 
• 
Port Modes Include: 


Bit I/O 
Unidirectional 
8·Bit and 16·Bit 
Bidirectional 
8·8it 
and 16·Bit 
• 
Selectable Handshaking 
Options 
• 
24·Bit 
Programmable 
Timer 
• 
Software 
Programmable 
Timer 
Modes 
• 
Contains 
Interrupt 
Vector 
Generation 
Logic 
• 
Separate Port and Timer 
Interrupt 
Service Requests 
• 
Registers are ReadlWrite 
and Directly 
Addressable 
• 
Registers are Addressed for MOVEP (Move Peripheral) 
and 
DMAC 
Compatibility 


Type No. 


HD68230p·8 
HD68230P-10 


Bus Timing 


8 MHz 
10 MHz 


0, , 
0,2 
0, 
J 


PAo 
4 


PA, 
5 


PA2 
6 


PA3 
7 


PA. 
• 


PAs 
9 


PA, 


PA,11 
Vss 
Vcc 1 
3 
PC7/TTAC'R" 


H 1 1 
PC6/mt'R 


H2 
1 
PCs/J5TmI 


10431 
PC4/~ 


1044I 
Pe3/TOUT 


PBo 1 
Pe]/TIN 


PS, 
I 
1 PC, 


PB, I 
peo 


PH] 
RSl 


PD. 
21 
AS2 


PBs 
RSJ 


PBa 2 
RS4 


PB, -.. 
.r-RS5 


D. 
0, 
0, 
0, 


• 
Do 
RIW= 
'CS 
ClK= 
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PAO-7 
PBO-7 
H1 
H2 
H3 
H4 


PC4!DMAREO 
PC2ITIN 
PC, 
PCo 


PCs/PIACK 


PC7/TIACK 


PCs/PIRQ 


PC3/TOUT 


Vss 
RESET 
CLK 


+ 
+ 
+ 


Port 


Interrupt! 


DMA 


Control 


Logic 


Handshake 
Controllers 


and 
Mode logic 


+ 
+ 
+ 
+ 
+ 
RSl 
RS2 
RSJ 
RS4 
RS5 
~ 
~ 
PC./ 
PC./ 
PC3/ 
PC2/ 
PC, 
PCo 


'''''''' 
,.,,,,,,, 
J5mn 
~ 
TOUT 
TIN 
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Item 
Symbol 
Value 
Unit 


Supply 
Voltage 
Vcc. 
-0.3-+7.0 
V 


Input 
Voltage 
Vin * 
-0.3-+7.0 
V 


Operating 
Temperature 
Range 
Topr 
0-+70 
°c 


Storage Temperature 
Tstg 
-55-+150 
°c 


• With re,pect to VSS (SYSTEM GNOI 


(NOTE) 
This 
device 
contains 
circuitry 
to protect 
the 
inputs 
against 
damage 
due 
to high static 
voltages 
or electric 
fields; 
however, 
it is advised 
that 
normal 
precautions 
be taken to avoid application 
of any voltage higher than maximum-rated 
voltages to this high impedance circuit. 


Aehability 
of operation 
is enhanced if unused inputs are tied to an appropriate 
logic voltage level (e.g., either VSS or VCC). 


Item 
Symbol 
min 
typ 
max 
Unit 


Supply 
Voltage 
Vcc. 
4.75 
5.0 
5.25 
V 


VIH. 
Vss + 2.0 
- 
Vcc 
V 


Input 
Voltage 
Vil 
Vss - 0.3 
- 
Vss + 0.8 
V 


Operating 
Temperature 
Topr 
0 
25 
70 
C 


• 
ELECTRICAL 
CHARACTERISTICS 
• 
DC CHARACTERISTICS 
(Vcc = 5V ±5%, Vss = OV, Ta = 0 - 
+70°C unless otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Input 
"High" 
Voltage 
V1H 
Vss+2.0 
- 
Vcc 
V 


Input 
"Low" 
Voltage 
Vil 
Vss-0.3 
- 
Vss+0.8 
V 


Input 
Leakage Current 
Hl, 
H3, RIW, RE~ET 
~n 
Vin = 0 - 
5.25V 
- 
- 
10.0 
JJA 
CLK, 
RS1·RS5. CS 


Three·State 
(Off 
State) 
DTACK 
PCn'PC, 
Dn·D. 
ITsl 
Vin - 0.4 - 
2.4V 
- 
20 
JJA 


Input 
Current 
H2 
H4, PAo·PA" 
PBo·PB, 
-0.1 
1.0 
mA 


Do·D"DTACK 
IOH = -400JJA 
Output 
"High" 
Voltage 
PAo·PA,. 
PBo·PB" 
H2, H4 
VOH 
IOH = - 150JJA 
Vss+2.4 
- 
- 
V 


PCo·PC, 
IOH = -100JJA 


PC3ITOUT, 
PC,/PIRQ 
IOl = 8.8mA 


Output 
"Low" 
Voltage 
Do·D"DTACK 
VOL 
IOl = 5.3mA 
- 
- 
0.5 
V 
PAo·PA" 
PBo·PB" 
H2, H4 
IOl = 2.4mA 
PCo·PC., 
PC•• PC6, PC, 
IOl = 2.4mA 
Power Dissipation 
PINT 
TA- 
OoC 
- 
- 
500 
mW 


Capacitance 
(Package Type Dependent) 
Cin 
Vin - OV. Ta - 25°C 
- 
- 
15 
pF 


8 MHz 
10MHz 
Characteristic 
Symbol 
HD68230P-8 
HD68230P·10 
Unit 


min 
max 
min 
max 


Frequency 
of Operation 
f 
2.0 
8.0 
2.0 
10.0 
MHz 


Cycle Time 
tCYC 
125 
500 
100 
500 
ns 


Clock Pulse Width 
tCl 
55 
250 
45 
250 


tCH 
55 
250 
45 
250 
ns 


Clock 
Rise and Fall Times 
tCr 
- 
10 
- 
10 
ns 
tCI 
10 
- 
10 
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8MHz 
10MHz 


No. 
Characteristic 
HD68230p·8 
HD68230P·l0 
Unit 


min 
mex 
min 
mex 


1 
R/W RS1·RS5 Valid to CS low 
(Setup Time) 
0 
- 
0 
- 
ns 


2("11) 
CS low 
to R/W and RS1·RS5 Invalid (Hold Time) 
100 
- 
65 
- 
ns 


3("1) 
CS low 
to ClK 
low 
(Setup Time) 
30 
- 
20 
- 
ns 


4("2) 
CS low 
to Data Out Valid (Delay) 
- 
75 
- 
60 
ns 


5 
RS1·RS5 Valid to Data Out Valid (Delay) 
- 
140 
- 
100 
ns 


6 
ClK 
low 
to DTACK 
low 
(Read/Write 
Cycle) (Delay) 
0 
70 
0 
60 
ns 


7("3) 
DTACK 
low 
to CS High (Hold Time) 
0 
- 
0 
- 
ns 


8 
CS or PlACK or TIACK 
High to Data Out Invalid (Hold Time) 
0 
0 
ns 


9 
CS or PlACK or TIACK 
High to 00.07 
High Impedance (Delay) 
- 
50 
- 
45 
ns 


10 
CS or PlACK or TIACK 
High to DTACK 
High (Delay) 
- 
50 
- 
30 
ns 


11 
CS or PlACK or TIACK 
High to DTACK 
High Impedance (Delay) 
- 
100 
- 
55 
ns 


12 
Data Invalid to CS Low (Setup Time) 
0 
- 
0 
- 
ns 


13 
CS Low to Data in Invalid (Hold Time) 
100 
- 
65 
- 
ns 


14 
Input Data Valid to Hl (H3) Asserted (Setup Time) 
100 
- 
60 
ns 


15 
Hl (H31 Asserted to Input Data Invalid (Hold Time) 
20 
- 
20 
- 
ns 


16 
Handshake Input Hl(H4) 
Pulse Width Asserted 
40 
- 
40 
- 
ns 


17 
Handshake Input (Hl·H4) 
Pulse Width Negated 
40 
- 
40 
ns 


18 
HI (H3) Asserted to H2(H4) Negated (Delay) 
150 
120 
ns 


19 
ClK 
low 
to H2(H4) Asserted (Delay) 
100 
100 
ns 


20("4) 
H2(H4) Asserted to Hl(H3) 
Asserted 
0 
- 
0 
- 
ns 


21("5) 
ClK 
low 
to H2{H4) Pulse Negated (Delay) 
- 
125 
- 
125 
ns 


22("9,"12) 
Synchronized Hl (H31 to elK 
Low on which DMAREQ 
is Asserted 
2.5 
3.5 
2.5 
3.5 
ClK 
Per 


(See Figures 18 and 19) 


23 
elK 
Low DMAREQ 
is Asserted 
to elK 
Low on which 
DMAREQ 
is Negated 
3 
3 
3 
3 
ClK 
Per 


24 
ClK 
low 
to Output 
Data Valid (Delay) (Modes 0,1) 
150 
120 
ns 


25("9,"12) 
Synchronized Hl (H3) to Output Data Invalid (Modes 0.1) 
1.5 
2.5 
1.5 
2.5 
ClK 
Per 


26 
Hl 
Negated to Output Data Valid (Modes 2. 3) 
- 
70 
50 
ns 


27 
Hl Asserted to Output Data High Impedance IModes 2, 31 
0 
70 
0 
70 
ns 


28 
Read Data Valid to DTACK 
low 
(Setup Time) 
0 
0 
ns 


29 
eLK 
Low to Data Output Valid (Interrupt 
Acknowledge Cycle) 
- 
120 
- 
100 
ns 


30("7) 
Hl(H3) 
Asserted to ClK 
High (Setup Time) 
50 
- 
40 
- 
ns 


31 
PlACK or TIACK 
low 
to ClK 
low 
(Setup Time) 
50 
40 
ns 


32("12) 
Synchronized CS to elK Low on which ~ 
is Asserted 
3 
3 
3 
3 
ClK 
Per 


(See Figures 18 and 19) 


33("9,"12) 
Synchronized H1 (H31 to CLK Low on which H2(H4) 
is Asserted 
3.5 
4.5 
3.5 
4.5 
ClK 
Per 


34 
ClK 
low 
to DTACK 
low 
(Interrupt 
Acknowledge 
Cycle) (Delay) 
75 
60 
ns 


35· 
ClK 
low 
to DMAREQ 
low 
(Delay) 
0 
120 
0 
100 
ns 


36 
ClK 
low 
to DMAREQ 
High (Delayl 
0 
120 
0 
100 
ns 


CLK Low to PI RQ Low or High Impedance 
200 
150 
ns 


-("8) 
TIN 
Frequency (External Clock) - 
Prescaler Used 
0 
1 
0 
1 
Fclk(Hz)(6) 


- 
TIN 
Frequency (External Clock) - 
Prescaler Not used 
0 
1/32 
0 
1/32 
Fclk(HzH6) 


TIN 
Pulse Width High or Low IExternal Clock) 
55 
45 
ns 


TIN 
Pulse Width Low IRun/Halt 
Control) 
1 
- 
1 
- 
ClK 


CLK Low to TOUT 
High, Low. or High Impedance 
0 
200 
0 
150 
ns 


CS, PlACK, or TIACK 
High to CS, PlACK, or TIACK 
low 
50 
- 
30 
- 
ns 
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(NOTESH-') 
This specification 
only applies if the PI/T had completed 
all operations 
initiated 
by the previous bus cycle when CS was asserted. 


Following 
a normal read or writ.!..bus cycle, all operations are complete within 
three ClKs 
after the falling edge of the ClK 
pin on 


which oTACK 
was asserted. If CS is asserted prior to completion 
of these operations, the new bus cycle, and hence. oTACK 
is 
postponed. 
~erations 
of the previous bus cycle were complete when CS was asserted, this specification 
is made only to .insure that 
oTACK 
is asserted with respect to the falling edge of the ClK 
pin as shown in the timing diagram, not to guarantee operation 
of 
the part. If the CS setup time is violated. 
oTACK 
may be asserted as shown. or may be asserted one clock cycle later. 


(-21 
Assuming the RS,·RS5 to Data Valid Time has also expired. 
(-3) 
This specification 
imposes a lower bound on CS low time. guaranteeing that CS will be low for at least 1 ClK 
period. 
(-4) 
This specification 
assures recognition 
of the asserted edge of H1 (H3L 
(-5) 
This specification 
applies only when a pulsed handshake option 
is chosen and the pulse is not shortened due to an early asserted 
edge of H1 (H3). 


(-6) 
ClK 
refers to the actual frequency 
of the ClK 
pin. not the maximum 
allowable ClK 
frequency. 
(-7) 
If timing 
number 30 is violated, 
H11H3) 
will be recognized no later than the next rising edge of the clock. 


(-8) 
This limit applies to the frequency 
of the signal at TIN compared to the frequency of the ClK 
signal during each clock cycle. 
If any period of the waveform 
at TIN is smaller than the period of the ClK 
signal at that instant, then it is likely that the timer 
circuit 
will completely 
ignore one cycle of the TIN signal. Since the frequency 
measured by a frequency counter 
is the average 
frequency 
of a signal over a specific length of time. the actual frequency at anyone 
time will vary above and below the average. 


These variations occur in both the TIN and ClK 
signals. 


If these two signals are derived from different 
sources they will have different 
instantaneous frequency 
variations. 
In this case the 
frequency 
applied to the TIN pin must be distinctly 
less than the frequency 
at the ClK 
pin to avoid lost cycles of the TIN signal. 


Measurements have shown that with signals derived from different 
crystal oscillators applied to the TIN and elK 
pins with fast 


rise and fall times. The TIN frequency 
can approach 80 to 90% of the frequency 
of the ClK 
signal without 
a loss of a cycle of the 


TIN signal. 
If these two signals are derived from the same frequency 
source then the frequency of the signal applied to TIN can be 100% of 
the frequency 
at the ClK 
pin. They may be generated by different 
buffers from the same signal or one may be an inverted version 


of the other. 
The TIN signal may be generated by an 'AND' 
function 
of the clock and a control 
signal. 


(-9) 
This limit applies in every case. There are no exceptions to this specification. 
(-10) 
If a bus accessand peripheral access occur at the same time. add one clock to specifications 
22 and 33. 
(>11) 
See BUS INTERFACE 
CONNECTION 
section for exception. 
(-12) 
This Limit 
specifies the nominal outputing 
in PI/T clock cycles. To obtain the output 
timing 
in nanoseconds, add or subtract the 
appropriate 
setup time and/or propagation 
time from the signals to the respective clock edges. 
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PA(PB)o-7 
(M02.3) 


H2(H4) 
(Pulsed) 


• 
GENERAL 
DESCRIPTION 
The PI/T 
consists 
of two logically independent 
sections: 
the ports 
and the timer. The port section consists of Port A 
(PAo-,), 
Port 
B (PBo-,), 
four handshake 
pins (HI, H2, 83, 
and H4), 
two general I/O pins, and 'Six dual-function 
pins. 
The 
dual-function 
pins 
can individually 
operate 
as a third 
port (Port C) or an alternate 
function 
related to either Ports 
A and B, or the timer. The four programmable handshake pins, 
depending on the mode, can control data transfer to and from 
the ports, 
or can be used as interrupt 
generating 
inputs, 
or 
I/O pins. 
The timer 
consists of a 24-bit counter, 
optionally 
clocked 
by a 5-bit prescaler. 
Three pins provide complete timer I/O: 
PC,/TIN, 
PC3/TOUT, and PC,/TIACK. 
Of course, only the 
ones 
needed 
for the 
given configuration 
perform 
the timer 
function, while the others remain Port C I/O. 
The system bus interface provides for asynchronous transfer 
of data from the PI/T to a bus master over the data bus (Do- 
D, ). 
Data 
transfer 
acknowledge 
(DTACK), 
r~ter 
selects 
(RSl·RS5), 
chip select, the read/write 
line (R/W), and Port 
Interrupt 
Ac~owledge 
(PlACK) or Timer Interrupt 
Acknow· 
ledge (TIACK 
control data transfer between the PI/T and the 
HD68000. 


• 
PIN 
DESCRIPTION 
Throughout 
the data sheet, signals are presented 
using the 
terms active and inactive or asserted and negated independent 


00-07 
RS1-RS5 


Hl 
H2 
H3 
H4 


PC7/TIACK' 
PCs/PIACK' 
PCs/PiRQ' 
pc./l5MARrn· 
PC3/TOUr 
PC2/T1N" 
PC, 
PCo 
-Individually 
Programmable 
Dual·Function 
Pin 
Figure 7 Input and Output Signals 


of whether 
the 
signal is active in the high·voltage state or 
low-voltage state. (The active state of each logic pin is given 
be!2.w.) Active low signals are denoted 
by a superscript bar. 


R/W indicates a write is active low and a read active high. 


Bidirectional 
Data 
Bus - 
(Do .0,) 
The data bus pins Do-D, form an 8-bit bidirectional 
data 
bus to/from 
the HD68000 or other bus master. These pins are 
active high. 


Register 
Selects 
- 
(RS1-RS51 
RSl-RS5 
are active high high·impedance 
inputs that deter- 


mine 
which of the 
25 possible registers is being addressed. 


They arc provided by the HD68000 or other bus master. 


ReadlWrite 
Input 
- 
(RtW) 
R/W 
is the 
high·impedance 
Read/Write 
signal from 
the 
H068000 
or bus master, 
indicating whether 
the current bus 
cycle is a read (high) or write (low) cycle. 


Chip Select 
Input 
- (CS) 
CS is a high-impedance 
input that selects the PI/T registers 
for the current bus cycle. Address strobe and the data strobe 
(upper or lower) of the bus master, along with the appropriate 
address 
bits, must 
be included 
in the chip select equation . 


A low level corresponds to an asserted chip select. 


Data Transfer 
Acknowledge 
Output 
- 
(DTACK) 
DTACK is an active low output that signals the completion 
of the bus cycle. During read or interrupt 
acknowledge cycles, 


DTACK is asserted by the HD68230 
after data has been pro- 


vided on the data bus; during write cycles it is asserted after 
data has been accepted at the data bus. Data transfer acknow· 
ledge is compatible 
with the HD68000 and with other Hitachi 
bus masters such as the HD68450 DMA controller. A holding 
resistor 
is required 
to maintain 
DTACK high between 
bus 
cycles. 


Reset 
Input 
- 
(RESET) 
RESET is a high·impedance input used to initialize all PI/T 
functions. 
All control and data direction registers are cleared 
and most internal operations 
are disabled by the assertion of 
RESET (low). 
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Clock Input - (ClK) 
The clock pin is a high-impedance 
TTL~ompatible 
signal 


with the same specifications as the HD68000. The PI/T contains 
dynamic 
logic throughout, 
and hence this clock must not be 
gated off at any time. It is not necessary that this clock main- 
tain any particular phase relationship with the HD68000 clock. 
It 
may 
be 
connected 
to an independent 
frequency 
source 


(faster or slower) as long as all bus specifications are met. 


Port A and Port B - (PAo-PA, and PBo-PB,) 
Ports A and B are 8-bit ports that may be concatenated 
to 
form a 16-bit port in certain modes. The ports may be con- 
trolled 
in conjunction 
with the handshake 
pins HI-H4. 
For 


stabilization 
during 
system 
power-up, 
Ports 
A and B have 


internal pullup resisters to Vcc. All port pins are active high. 


Handshake pins (I/O depending on the Mode and Submode) - 
(Hl-H4) 


Handshake pins HI-H4 are multi-purpose 
pins that (depend- 


ing on the operational model) may provide an interlocked hand- 
shake, a pulsed handshake, an interrupt 
input (independent 
of 
data 
transfers), 
or simple I/O pins. For stabilization 
during 


system power-up, H2 and H4 have internal pullup resisters to 
Vcc. Their sense (active high or low) may be programmed in 
the Port General Control Register bits 3-0. Independent 
of the 
mode, 
the instantaneous 
level of the handshake 
pins can be 


read from the Port Status Register. 


(PCo-PC, /Alternate function) - (Port C) 
This port 
can be used as eight general purpose 
I/O pins 
(PCo-PC,) or any combination 
of six special function pins and 
two general purpose I/O pins (PCo-PC\ ). (Each dual function 
pin can be standard I/O or a special function 
independent 
of 


the other port C pins.) The dual function pins are dermed in the 
following paragraphs. When used as port C pin, these pins are 
active high. They may be individually programmed 
as inputs 
or outputs by the Port C Data Direction Register. 


The alternate functions (TIN, TOUT, and TIACK) are timer 


I/O pins. TIN may be used as a rising-edge triggered external 
clock input or an external run/halt control pin (the timer is in 
the run state if run/halt is high and in the halt state if run/halt 
is low). TOUT may provided 
an active low timer interrupt 
request 
output 
or a general-purpose 
square-wave output, 
ini- 


tially high. TIACK is an active low high-impedance input used 
for timer interrupt acknowledge. 


Port A and B functions 
have an independent 
pair of active 


low 
interrupt 
request 
(pIRQ) 
and 
interrupt 
acknowledge 


(PlACK) pins. 


The DMAREQ (Direct 
Memory Access Request) 
pin pro- 
vides an active low Direct Memory Access Controller (DMAC) 
request 
pulse of 3 clock cycles, completely 
compatible 
with 
the H068450 
DMAC. 
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• 
REGISTER 
MODEL 
A 
register 
model 
that 
includes 
the corresponding 
Register 


selects is shown in Table 
1. 


Port Mode 
H34 
H12 
H4 
H3 
H2 
H1 
Control 
Enable 
Enable 
sense 
sense 
sense 
sense 
· 


SVCRQ 
Interrupt 
Port Interrupt 
select 
PFS 
Priority 
Control 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 


Interrupt 
Vector 
Number 
· 
· 
H2 
H1 
H1 
Port A Submode 
H2 Control 
Int 
SVCRQ 
Stat 
Enable 
Enable 
Ctrl 
H4 
H3 
H3 
Port B Submode 
H4 Control 
Int 
SVCRQ 
Stat 
Enable 
Enable 
Ctrl 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 
H4 
H3 
H2 
H1 
H4S 
H3S 
H2S 
H1S 
Level 
Level 
Level 
Level 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
TOUTfTlACK 
Control 
ZD 
· 
Clock Control 
Timer 
Ctrl 
Enable 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 
· 
· 
· 
· 
· 
· 
· 
· 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
23 
22 
21 
20 
19 
18 
17 
16 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
15 
14 
13 
12 
11 
10 
9 
8 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 
· 
· 
· 
· 
· 
· 
· 
· 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
23 
22 
21 
20 
19 
18 
17 
16 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
15 
14 
13 
12 
11 
10 
9 
8 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
7 
6 
5 
4 
3 
2 
1 
0 
· 
· 
· 
· 
· 
· 
· 
ZDS 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
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Port General 
Control 
Register 
Port service 
Request Register 
Port A Data 
Direction 
Register 
Port B Data 
Direction 
Register 
Port C Data 
Direction 
Register 
Port Interrupt 
Vector 
Register 


Port A Control 
Register 


Port B Control 
Register 


Port A Data 
Register 
Port B Data 
Register 
Port A Alternate 
Register 
Port B Alternate 
Register 
Port C Data 
Register 


Port Status Register 


(null) 


(null) 
Timer Control 
Register 
Timer 
Interrpt 
Vector 
Register 
(null) 
Counter Preload 
Register (High) 


(Mid) 


(Low) 


(null) 
Count 
Register 
(High) 


(Mid) 


Timer Status Register 
(null) 
(null) 
(null) 
(null) 
(null) 


Register Select Bits 
Affected 
Affected 
Register 
Accessible 
by 
by Read 
5 
4 
3 
2 
1 
Reset 
Cycle 


Port General Control Register (PGCR) 
0 
0 
0 
0 
0 
RW 
Yes 
No 


Port Service Request Register (PSRR) 
0 
0 
0 
0 
1 
RW 
Yes 
No 


Port A Data Direction Register (PADDR) 
0 
0 
0 
1 
0 
RW 
Yes 
No 


Port B Data Direction Register (PBDD R) 
0 
0 
0 
1 
1 
RW 
Yes 
No 


Port C Dara Direction Register (PCDDR) 
0 
0 
1 
0 
0 
RW 
Yes 
No 


Port Interrupt Vector Register (PIVR) 
0 
0 
1 
0 
1 
RW 
Yes 
No 


Port A Control Register (PACR) 
0 
0 
1 
1 
0 
RW 
Yes 
No 


Port B Control Register (PBCR) 
0 
0 
1 
1 
1 
RW 
Yes 
No 


Port A Data Register (PAD R) 
0 
1 
0 
0 
0 
RW 
No 
.. 


Port B Data Register (PBDR) 
0 
1 
0 
0 
1 
RW 
No 
.. 


Port A Alternate Register (PAAR) 
0 
1 
0 
1 
0 
R 
No 
No 


Port B Alternate Register (PBAR) 
0 
1 
0 
1 
1 
R 
No 
No 


Port C Data Register (PCDR) 
0 
1 
1 
0 
0 
RW 
No 
No 


Port Status Register (PSR) 
0 
1 
1 
0 
1 
RW' 
Yes 
No 


Timer Control Register (TCR) 
1 
0 
0 
0 
0 
RW 
Yes 
No 


Timer Interrupt Vector Register (T IVR) 
1 
0 
0 
0 
1 
RW 
Yes 
No 


Counter Preload Register High (CPRH) 
1 
0 
0 
1 
1 
RW 
No 
No 


Counter Preload Register Middle (CPRM) 
1 
0 
1 
0 
0 
RW 
No 
No 


Counter Preload Register Low (CPRL) 
1 
0 
1 
0 
1 
RW 
No 
No 


Count Register High (CNTRH) 
1 
0 
1 
1 
1 
R 
No 
No 


Count Register Middle (CNTRM) 
1 
1 
0 
0 
0 
R 
No 
No 


Count Register Low (CNT RL) 
1 
1 
0 
0 
1 
R 
No 
No 


Timer Status Register (TSR) 
1 
1 
0 
1 
0 
RW' 
Yes 
No 


The internal accessible register organization 
is represented in 
Table 2. Address space within the address map is reserved for 
future expansion. Throughout 
the PI/T data sheet the following 
conventions are maintained: 
(I) 
A read from a reserved location in the map results in a read 
from the "null register." The null register returns all zeros 
for data and results in a normal bus cycle. A write to one of 
these locations 
results in a normal bus cycle but no write 
occurs. 


(2) 
Unused bits of a defined register are denoted by"'" 
and 
are read as zeroes. 


(3) 
Bits that are unused in the chosen mode/submode 
but are 
used in others, are denoted by "X", and are readable and 
writeable. Their content, however, is ignored in the chosen 
mode/submode. 
(4) 
All registers are addressable as 8-bit quantities. 
To facili- 
tate operation with the MOVEP instruction and the DMAC, 
addresses 
are ordered 
such that certain 
sets of registers 
may also be accessed as words (2 bytes) or 'long words 
(4 bytes). 


• 
Port General Control Register (PGCR) 


Port General Control Register (PGCR) 


7 
I 
6 
5 
4 
3 
2 
1 
0 


Port Mode 
H34 
H12 
H4 
H3 
H2 
Hl 


Control 
Enable 
Enable 
Sense 
Sense 
Sense 
Sense 


The Port General Control Register (pGCR) controls may of 
the functions 
that are common to the overall operation 
of the 
ports. The PGCR is composed of three major fields; bits 7 and 6 
defme the operational mode of Ports A and B and affect opera· 
tion of the handshake pins and status bits; bits 5 and 4 allow a 
software controlled 
disabling of particular hardware associated 
with the handshake 
pins of each port; and bits 3-0 defme the 
sense of the handshake pins. The PGCR is always readable and 
writeable. 
All bits are reset to 0 when the RESET pin is asserted. 
The Port Mode Control field should be altered only when 
the HI2 Enable and H34 Enable bits are O. Except when Mode 
o is desired, the Port General Control register must be written 
once to establish the mode, and again to enable the respective 
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PGCR 
1~ 
o 0 
o 
1 
1 0 
1 1 


Port Mode Control 
Mode 0 (Unidirectional 
8-Bit Mode) 


Mode 1 (Unidirectional 
16-Bit Mode) 
Mode 2 (Bidirectional 8-Bit Mode) 
Mode 3 (Bidirectional 
16-Bit Mode) 


PGCR 
~ 
0 
Disabled 
1 
Enabled 


PGCR 


.4- 


0 
Disabled 


I 
Enabled 


PGCR 


.l:Q. 
o 
Handshake Pin Sense 
The associated pin is at the high-voltage level when 
negated and at the low-voltage level wheh asserted. 
The 
associated 
pin is at the low-voltage level when 
negated and at the high voltage level when asserted. 


• 
Port Service Request Register (PSRR) 


Port Service Request Register (PSRR) 


The Port 
Service Request 
Register (PSRR) 
controls other 


functions that are common to the overall operation to the ports. 
It is composed of four major fields; bit 7 is unused and is always 
read as 0; bits 6 and 5 define whether interrupt 
or DMA re- 


quests are generated from activity on the HI and H3 handshake 
pins; bit 4 and 3 determine 
whether two dual function 
pins 
operate as Port C or port interrupt 
request/acknowledge 
pins; 
and bits 2, I, and 0 control the priority among all port inter- 
rupt sources. Since bits 2, I, and 0 affect interrupt 
operation, 


it is recommended 
that they be changed only when the affected 
interrupt(s) 
is (are) disabled or known to remain inactive. The 
PSRR is always readable and writeable. 


All bits are reset to 0 when the RESET pin is asserted. 


PSRR 
6 5 
.Q.~ 


I 0 


SVCRQ Select 
The PC./DMAREQ 
pin carries the pc. function; DMA 
is not used. 
The PC. /DMAREQ pin carries the DMAREQ function 
and is associated with duouble-buffered 
transfers con- 
trolled by HI. HI is removed from the PItT's interrupt 
structure, 
and thus, does not cause interrupt 
requests 
to be generated. 
To obtain DMAREQ pulses, Port A 
Control Register bit 1 (HI SVCRQ Enable) must be a 
l. 
The pc. /DMAREQ pin carries the DMAREQ function 
and is associated with double-buffered 
transfers con- 
trolled by H3. H3 is removed from the PI/T's interrupt 
structure, 
and thus, does not cause interrupt 
requests 


to be generated. 
To obtain DMAREQ pulses, Port B 


Control Register bit I (H3 SVCRQ Enable) must be a 
1 
PSRR 
.!1 
Interrupt Pin Function Select 


o 0 
The PCs/PIRQ pin carries the Pe5 function. 
The PC6/PlACK pin carries the PC6 function. 
o 
The PCs/PIR<:!pin carries the J5II«2 function. 
The PC6/PIACK pin carries the PC6 function. 


o 
The PCs/PIRQ pin carries the PC5 function. 
The PC6/PIACK pin carries the PlACK function. 
The PCs/;gglin 
carries the ~ 
function. 


The PC6/ 
pin carries the mcK function. 


Bits 2, 
I, and 0 determine 
port 
interrupt 
priority. 
The 


priority is shown in descending order left to right. 


PSRR 
l.l..Q. 


000 
001 
010 
o 1 1 
100 
1 0 1 
1 1 0 
1 1 1 


1'ort Interrupt Priority Control 
Highest 
Lowest 


HIS 
H2S 
H3S 
H4S 


H2S 
HIS 
H3S 
H4S 


HIS 
H2S 
H4S 
H3S 
H2S 
HIS 
H4S 
H3S 
H3S 
H4S 
HIS 
H2S 
H3S 
H4S 
H2S 
HIS 
H4S 
H3S 
HIS 
H2S 
H4S 
H3S 
H2S 
HIS 


• 
Port A Data Direction Register (PAOOR) 
The Port A Data Direction Register (pADDR) determines the 


direction 
and buffering 
characteristics 
of each of the Port A 


pins. One bit in the PADDR is assigned to each pin. A 0 indi- 
cates that the pin is used as an input, while a 1 indicates it is 
used as an output. 
The PADDR is always readable and writea- 


ble. This register is ignored in Mode 3. 


All bits are reset to the 0 (input) state when the lrnSE'i' pin 


is asserted. 


• 
Port B Data Direction Register (PBOOR) 
The PBDR is identical to the PADDR for the Port B pins 


and the Port B Data Register, except that this register is ignored 
in Modes 2 and 3. 


• 
Port C Data Direction Register (PCOOR) 
The Port C Data Direction Register (PCDDR) specifies whe- 


ther each dual-function pin that is chosen for Port C operation 
is an input (0) or an output 
(1) pin. The PCDDR, along with 


bits that determine 
the respective pin's function, 
also specify 


the exact hardware to be accessed at the Port C Data Register 
address. (See the Port C Data Register description 
for more 


details.) The PCDDR is an 8-bit register that is readable and 
writeable 
at all times. 
Its operation 
is independent 
of the 


chosen PI/T mode. 


These bits are cleared to 0 when the RESET pin is asserted. 


The Port 
Interrupt 
Vector 
Register (PIVR) 
contains 
the 


upper 
order six bits of the four port interrupt 
vectors. The 
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contents of this register may be read two ways; by an ordinary 
read cycle, or by a port interrupt 
acknowledge bus cycle. The 


exact 
data read depends 
on how the cycle was initiated 
and 


other 
factors. 
Behavior during a port 
interrupt 
acknowledge 


cycle is summarized above in Table 5. 
From a normal read cycle (CS), there is never a consequence 


to reading this register. Following negation of the RESET pin, 
but prior to writing to the PIVR, a $OF will be read. After 
writing to the register, the upper 6 bits may be read and the 
lower 2 bits are forced to O. No prioritization 
computation 
is 
performed. 


7 I 
6 
5 
I 
4 
I 


3 
2 
1 
0 


Port A 
H2 
H1 
H1 
H2 Control 
Int. 
SVCRQ 
Stat. 
Sut,>mode 
Enable 
Enable 
Ctrl. 


The Port 
A Control 
Register (PACR) in conjunction 
with 


the programmed 
mode and the Port B submode , control the 


operation 
of Port A and the handshake 
pins HI and H2. The 


Port A Contr61 Register contains five fields; bits 7 and 6 specify 
the Port A submode; bits 5,4, 
and 3 control the operation of 


the H2 handshake 
pin and H2S status bit; bit 2 determines 
whether an interrupt 
will be generated when the H2S status bit 


goes to 1; bit 1 determines 
whether a service request (interrupt 


request or DMA request) will occur; bit 0 controls the operation 
of the HIS status bit. The PACR is always readable and write- 
able. 
_ 


All bits are cleared to 0 when the RESET pin is asserted. 
When the Port A submode field is relevant in a mode/sub- 


mode definition, 
it must not be altered unless the Hl2 Enable 


bit in the Port General Control Register is O. (See Table 4.) 


The operation 
of HI and H2 and their related status bits is 


given below, for each of the modes specified by Port General 
Control 
Register bits 7 and 6. This description 
is organized 


such that 
for each mode/submode 
all programmable 
options 


of each pin and status bit are given. 


Bits 2 and 1 carry the same meaning in each mode/sub- 
mode, and thus are specified only one. 


PACR 
1. 
o 
1 


H2 Interrupt Enable 


The H2 interrupt is disabled. 
The H2 interrupt is enabled. 


PACR 
.1 
o 
1 


HI SVCRQ Enable 


The HI interrupt and DMA request are disabled. 
The HI interrupt and DMA request are enabled. 


PACR 
i..!. 1.. 
o X X 
100 
1 0 1 
1 1 0 
1 1 1 


H2 Control 


Input pin - status only. 
Output pin - always negated. 
Output pin - always asserted. 
Output pin - interlocked input handshake protocol. 
Output pin - pulsed input handshake protocol. 


PACR 
.u 


X 


PACR 
.i~.l 
o X X 
100 
1 0 1 
1 1 0 
1 1 1 


PACR 
.u 
o 


H2 Control 
Input pin - status only. 
Output pin - always negated. 
Output pin - always asserted. 
Output pin - interlocked output handshake protocol. 
Output pin - pulsed output handshake protocol. 


HI Status Control 


The HIS status bit is 1 when either the Port A initial or 
fmal output 
latch can accept new data. It is 0 when 


both latches are full and cannot accept new data. 
The HIS status bit is 1 when both of the Port A output 
latches are empty. It is 0 when at least one latch is fuJl. 


(3) PACR Mode 0 Port A Submode IX 


PACR 
i..1.1- 
o X X 
1 X 
0 
1 X 
1 


PACR 
Q 
X 


H2 Control 


Input pin - status only. 
Output pin - always negated. 
Output pin - always asserted. 


PACR 
.2..1.1- 
o 
X X 


1 X 
0 
1 X 
1 


PACR 


.ll. 


X 


H2 Control 


Input pin - status only. 
Output pin - always negated. 
Output pin - always asserted. 


PACR 
.2..1.1- 
o X X 
I 
X 0 
1 X 1 


H2 Control 


Input pin - status only. 
Output pin - always negated. 
Output pin - always asserted. 


PACR 


.ll. 
X 
Not used. 


PACR 
.1..1.1- 
X X 0 
X X 1 


H2 Control 
Output pin - interlocked output handshake protocol. 
Output pin - pulsed output handshake protocol. 
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PACR 


..ll 
o 
HI Status Control 
The HIS status bit is I when either the Port B initial or 
fmal output 
latch can accept new data. It is 0 when 
both latches are full and carmot accept new data. 
The HIS status bit is I when both of the Port B output 
latches are empty. It is 0 when at least one latch is full. 


PACR 
.11.1. 
X X 0 
X X 
I 


PACR 


.Q. 
o 


H2 Control 
Output pin - interlocked output handshake protocol. 
Output 
pin 
- 
pulsed 
output 
handshake 
protocol. 


HI Status Control 
The HIS status bit is I when either the initial or fmal 
output latch of Port A and B can accept new data. It is 
o when both latches are full and carmot accept new 
data. 
The HIS status bit is I when both the initial and fmal 
output latches of Ports A and B are empty. It is 0 when 
either the initial or fmallatch 
of Ports A and B is full. 


• 
Port B Control Register (PBCR) 


Port B Control Register (PBCR) 


H4 
Int. 
Enable 


H3 
SVCRQ 
Enable 


The Port B Control Register (PBCR) specifies the operation 
of Port 
B and the handshake 
pins H3 and H4. The Port B 
control register contains five fields; bits 7 and 6 specify the Port 
B submode; 
bis 5, 4, and 3 control the operation 
of the H4 
handshake pin and H4S status bit; bit 2 determines whether an 
interrupt 
will be generated when the H4S status bit goes to 1; 
bit 1 determines whether a service request (interrupt 
request or 
DMA request) will occur; bit 0 controls the operation 
of the 
H3S status 
bit. The PACR is always readable and writeable. 


There is never a consequence to reading the register. 


All bits are cleared to 0 when the RESET pin is asserted. 
When the Port B submode field is relevant in a mode/sub- 


mode defmition, 
it must not be altered unless the H34 Enable 
bit in the Port General Control Register is O. (See Table 4.) 
The operation 
of H3 and H4 and their related status bits is 
given below. for each of the modes specified by Port General 
Control Register bis 7 and 6. This description is organized such 
that for each mode/submode 
all programmable options of each 
pin and status bit are given. 


Bits 2 and 1 carry the same meaning in each mode/submode, 
and thus are specified only once. 


PBCR 
.2. 
o 
1 


H4 Interrupt Enable 
The H4 interrupt is disabled. 
The H4 interrupt is enabled. 


PBCR 
1. 
o 
I 


PBCR 
i±l 
o X X 
100 
I 
0 
I 
I 
I 0 
I 
I 
I 


PBCR 


.Q. 


X 


PBCR 
.5..11- 
o 
X 
X 
100 
101 
I 
I 
0 
I 
I 
1 


PBCR 
Q 
o 


PBCR 
.1±1. 
o 
X 
X 
1 X 
0 
I 
X 1 


PBCR 
Q 


X 


PBCR 
.11.1. 
o X X 
100 
1 0 I 
1 I 0 
1 I 
1 


PBCR 
Q. 


X 


H3 SVCRQ Enable 
The H3 interrupt and DMA request are disabled. 
The H3 interrupt and DMA request are enabled. 


H4 Control 
Input pin - status only. 
Output pin - always negated. 
Output pin - always asserted . 
Output pin - interlocked input handshake protocol. 
Output pin - pulse input handshake protocol. 


H4 Control 
Input pin - status only. 
Output pin - always negated. 
Output pin - always asserted. 
Output pin - interlocked output handshake protocol. 
Output pin - pulse output handshake protocol. 


H3 Status Control 
The H3S status bit is 1 when either the Port B initial 
or fmal output latch can accept new data. It is 0 when 
both latches are full and carmot accept new data. 
The H3S status bit is I when both of the Port B output 
latches are empty. It is 0 when at least one latch is full. 


H4 Control 
Input pin - status only. 
Output pin - always negated. 
Output pin - always asserted. 


H4Controi 
Input pin - status only. 
Output pin - always negated. 
Output pin - always asserted. 
Output pin - interlocked input handshake protocol. 
Output pin - pulsed input handshake protocol. 
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PBCR 
i~l 
o x X 
100 
1 0 
1 


1 1 0 
1 1 1 


PBCR 


.Q. 
o 


H4 Control 
Input pin - status only. 
Output pin - always negated. 
Output pin - always asserted. 
Output pin - interlocked output handshake protocol. 
Output pin - pulsed output handshake protocol. 


H3 Status Control 


The H3S status bit is 1 when either the initial or fmal 
output latch of Port A and B can accept new data. It is 
o when both latches are full and cannot accept new 
data. 
The H3S status bit is 1 when both the initial and final 
output latches of Port A and B are empty. It is 0 when 
neither the initial or final latch of Port A and B is full. 


(6) PBCR Mode 2 


PBCR 
i~l 
X X 0 
X 
X 
1 


PBCR 
..Q. 


X 


H4 Control 
Output pin - interlocked input handshake protocol. 
Output pin - pulsed input handshake protocol. 


(7) PBCR Mode 3 


PBCR 
i~l 
X 
X 
0 


X X 1 


PBCR 
Q 
X 


H4 Control 
Output pin - interlocked input handshake protocol. 
Output pin - pulsed input handshake protocol. 


• 
Port A Data Register (PADR) 
The Port A Data Register (PADR) is an address for moving 
data to and from the Port A pins. The Port A Data Direction 
Register determines 
whether 
each pin is an input 
(0) or an 


output 
(1), and is used in configuring the actual data paths. 
This is mode dependent and is described with the modes above. 


This register is readable and writeable at all times. Depending 
on the chosen mode/submode, 
reading or writing may affect 
the double-buffered 
handshake 
mechanism. 
The Port A Data 
Register is not affected by the assertion of the RESET pin. 


• 
Port B Data Register (PBDR) 
The Port B Data Register (PBDR) is an address for moving 
data to and from the Port B pins. The Port B Data Direction 
Register determines 
whether 
each pin is an input (0) or an 
output (1), and is used in configuring the actual data paths. This 
is mode dependent and is described with the modes, above. 


This register is readable and writeable at all times. Depending 
on the chosen mode/submode, 
reading or writing may affect 
the double-buffered 
handshake 
mechanism. 
The Port B Data 
Register is not affected by the assertion of the RESET pin. 


• 
Port A Alternate Register (PAAR) 
The Port A Alternate Register (PAAR) is an alternate address 
for reading the Port A pins. It is a read-only address and no other 
PI/T condition 
is affected. In all modes and the instantaneous 
pin level is read and no input latching is performed except at 
the data bus interface (see Bus Interface Connection.) Writes to 
this address are answered with DTACK, but the data is ignored. 


• 
Port B Alternate Register (PBAR) 
The Port B Alternate Register (PBAR) is an alternate address 
for reading the Port B pins. It is a read-only address and no other 
PI/T condition 
is affected. 
In all modes the instantaneous 
pin 
level is read and no input laching is performed 
except at the 
data bus interface 
(see Bus Interface 
Connection). 
Writes to 
this address are answered with DTACK, but the data is ignored. 


• 
Port C Data Register (PCDR) 
The Port C Data Register (PCDR) is an address for moving 
data to and from each of the eight Port C/alternate-function 
pins. The exact hardware accessed is determined by the type of 
bus cycle (read or write) 
and individual conditions 
affecting 
each pin. These conditions 
are (1) whether the pin is used for 
the Port C or alternate 
function, 
and (2) whether 
the Port C 
Data Direction Register indicates the input or output duection. 
The Port C Data Register is single buffered for output pins and 
not buffered 
for input pins. These conditions 
are summarized 
in Table 3. 
The Port C Data Register is not affected by the assertion of 
the RESET pin . 
The operation 
of the PCDR is independent 
of the chosen 
PI/T mode. 


Read Port C Data RegisJer 


Port C function 
Port C function 
Alter"ate 
Alternate 


PCDDR = 0 
PCDDR = 1 
function 
function 


PCDDR = 0 
PCDDR = 1 


Port C 
Port C 


pin 
output 
pin 
output 


register 
register 


Write Port C Data Register 


Port C function 
Port C function 
Alternate 
Alternate 


PCDDR = 0 
PCDDR = 1 
function 
function 


PCDDR = 0 
PCDDR = 1 


Port C 
Port C 
Port C 
Port C 


output 
register, 
output 
register, 
output 
register 
output 
register 
buffer disabled 
buffer enabled 


Note 
that two additional 
useful benefits 
result from this 
structure. 
First, it is possible to directly read the state of a dual- 
function 
pin while used for the non-Port C function. 
Second, 


it is possible 
to generate 
program 
controlled 
transitions 
on 


alternate-function 
pins by switching back to the Port C func- 
tion, and writing to the PCDR. 


This register is readable and writeable at all times. 


7 
6 
5 
4 
3 
2 
1 
0 


H4 
H3 
H2 
H1 
Level 
Level 
Level 
Level 
H45 
H35 
H25 
H15 
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The Port Status Register (PSR) contains information 
about 
handshake pin activity. Bits 74 show the instantaneous level of 
the respective handshake 
pin, and is independent 
of the hand- 
shake pin sense bits in the Port General Control Register. Bit 
3-0 are the respective, status bits referred to throughout 
this 
data sheet. Their interpretation 
depends 
on the programmed 
mode/submode 
of the PI/T. For Bits 3-0 a I is the active or 
asserted state. 


• 
Timer Control Register (TeR) 


Timer Control Register (TeR) 


The Timer Control Register (TCR) determines all operations 
of the timer. Bits 7-5 configure the PC3/TOUTand 
PC,/TIACK 
pins for Port 
C, square 
wave, vectored 
interrupt, 
or auto- 
vectored interrupt operation; bit 4 specifies whether the counter 
receives data from the Counter Preload Register or continues 
counting 
when zero detect is reached; bit 3 is unused and is 


read as 0; bits 2 and 1 configure the path from the CLK and 
TIN pins to the counter 
controller; 
bit 0 enables the timer. 


This register is readable and writeable at all times. 


All bits are cleared to 0 when the RESET pin is asserted. 


TCR 
l'§'i. 
o 
X 
X 


TOUT:TIACK Control 


The dual-function 
pins PC3/TOUT and PC,/TIACK 


carry the Port C function. 
The dual-function 
pin PC3/TOUT 
carnes the TOUT 


function. 
In the run state it is used as a square wave 
output 
and is toggled on zero detect. The TOUT pin 


is high wgile in the halt state. The dual-function pin 
PC,/TIA 
K carries the PC, function. 


The dual-function 
pin PC3/TOUT 
carries the TOUT 


function. 
In the run or halt state it is used as a timer 


interrupt 
request 
output. 
The 
timer 
interrupt 
is 


disabled; 
thus, 
the pin is always three-stated. 
The 


dual-function 
pin 
PC,/TIACK 
carries the 
TIACK 


function; however, since interrupt 
request is negated, 
the 
PI/T 
produces 
no 
response, 
Le., no data 
or 
DTACK, 
to 
an 
asserted 
TIACK. 
Refer 
to 
Time 
Interrupt 
Cycle section for details. This combination 


and 
the 
101 state 
below 
support 
vectored 
timer 


interrupts. 
The dual-function 
pin PC3/TOUT carries the TOUT 


function 
and is used as a timer interrupt 
request 


output. 
The timer interrupt 
is enabled; thus, the pin 


is low when the timer ZDS status bit is I. The dual 
function pin PC,/TIACK 
carries the TIACK function 


and is used as a timer interrupt 
acknowledge input. 


Refer 
to the 
Timer 
Interrupt 
Acknowledge 
Cycle 


section 
for details. This combination 
and the 
100 
state above support vectored timer interrupts. 
The dual-function 
pin PC3/TOUT 
carries the TOUT 


function. 
In the run or halt state it is used as a timer 


interrupt 
request 
output. 
The 
timer 
interrupt 
is 


disabled; 
thus, 
the pin is always three-stated. 
The 


dual-function 
pinPC,/TIACK 
carries the PC, func- 


tion. 


The dual-function 
pin PC3/TOUT 
carries the TOUT 
function 
and is used as a timer interrupt 
request 


output. 
The timer interrupt is enabled; thus, then pin 


is low when the timer ZDS status bits is 1. The dual- 
function 
pin PC,/TIACK 
carries the PC, 
function 


and lIUtovectored interrupts are supported. 


TCR 
i 
o 
Zero Detect Control 
The 
counter 
is loaded 
from 
the 
Counter 
Preload 


Register on the first clock to the 24-bit counter after 
zero detect, and resumes counting. 
The counter 
rolls over on zero detect, then continues 


counting. 


TCR 
1. ..l 
Clock Control 
o 0 
The PC2/TIN input pin carries the Port C function and 
the CLK pin and prescaler are used. The prescaler is 
decremented 
on the falling transition 
of the CLK pin; 


the 24-bit counter is decremented 
or loaded from the 


Counter Preload Register when the prescaler rolls over 
from 
$00 to $1F. The Timer Enable bit determines 


whether the timer is in the run or halt state. 


o 
I 
The 
PC2/TIN 
pin serves as a timer 
input 
and the 


CLK pin and prescaler are used. The prescaler is de- 
cremented 
on the falling transition 
of the CLK pin; 


the 24-bit counter is decremented 
or loaded from the 


Counter 
Preload 
Registers 
when 
the 
prescaler 
rolls 


over from $00 to $1F. The timer is in the run state 
when the Timer Enable bit is 1 and the TIN pin is high; 
otherwise the timer is in the halt state. 


1 0 
The PC2/TIN 
pin serves as a timer input and the pre- 


scaler is used. The prescaler is decremented 
following 


the rising transition 
of the TIN pin after syncing with 


the internal clock. The 24-bit counter is decremented 
or loaded from the counter preload registers when the 
prescaler 
rolls 
over 
from 
$00 to 
$1F. The Timer 


Enable bit determines whether the timer is in the run 
or halt state. 
liThe 
PC2/TIN 
pin 
serves as a timer 
input 
and the 


prescaler is unused. The 24-bit counter is decremented 
or loaded from the Counter Preload Registers follow- 
ing the rising edge of the TIN pin after syncing with 
the internal 
clock. The Timer Enable bit determines 


whether the timer is in the run or halt state. 


TCR 


.Q. 
o 
I 
Disabled. 
Enabled. 


• 
Timer Interrupt Vector Register (TIVR) 
The timer interrupt 
vector register contains the 8-bit vector 


supplied when the timer interrupt 
acknowledge pin TIACK is 


asserted. The register is readable and writeable at all times, and 
the same value is always obtained from a normal read cycle and 
a timer interrupt 
acknowledge bus cycle (TIACK). When the 


RESET pin is asserted the value of $OF is automatically loaded 
into the register. Refer to Timer Interrupt 
Acknowledge Cycle 


section for more details. 
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7 
6 
5 
4 
3 
2 
1 
0 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


23 
22 
21 
20 
19 
18 
17 
16 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


15 
14 
13 
12 
11 
10 
9 
8 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


7 
6 
5 
4 
3 
2 
1 
0 


The Counter Preload Registers (CPRH-L) are a group of three 
8-bit registers used for storing data to be transferred 
to the 
counter. Each of the registers is individually addressable, or the 
group may be accessed with the MOVEP. L or the MOVEP, W 
instructions. 
The address one less than the address of CPRH is 
the null register, and is reserved so that zeros are read in the 
upper 8 bits of the destination data register when a MOVEP.L is 
used. Data written to this address is ignored. 


The registers are readable and write able at all times. 
A read 
cycle proceeds 
independently 
of any transfer to the counter, 


which may be occuring simultaneously. 


To insure proper 
operation 
of the PI/T Timer, a value of 
$000000 
may not be stored in the Counter Preload Registers 
for use with the counter. 


The RESET pin does not affect the contents of these regis- 
ters. 


7 
6 
5 
4 
3 
2 
1 
0 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


23 
22 
21 
20 
19 
18 
17 
16 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


15 
14 
13 
12 
11 
10 
9 
8 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


7 
6 
5 
4 
3 
2 
1 
0 


The count registers (CNTRH-L) are a group of three 8-bit 
addresses at which the counter can be read. The contents of the 
counter 
are not latched during a read bus cycle; thus, the data 
read at these addresses is not guaranteed if the timer is in the 
run state. (Bits 2, I, and 0 of the Timer Control Register specify 
the state.) Write operations to these addresses result in a normal 
bus cycle but the data is ignored. 
Each 
of 
the 
registers is individually 
addressable, 
or the 
group may be accessed with the MOVEP.L or the MOVEP.W 
instructions. 
The address one less than the address of CNTRH is 
the null register, and is reserved so that zeros are read in the 
upper 8 bits of the destination 
data register when a MOVEP.L 
is used. Data written to this address is ignored. 


The Timer 
Status 
Register 
(TSR) 
contains 
one bit from 
which 
the 
zero detect 
status 
can be determined. 
The ZDS 
status bit (bit 0) is an edge-sensitive flip-flop that is set to I 
when the 24-bit counter decrements from $00000 I to $00סס OO. 
The ZDS status bit is cleared to 0 following the direct clear 
operation 
(similar to that of the ports), or when the timer is 
halted. 
Note also that when the RESET pin is asserted the 
timer is disabled, and thus enters the halt state. 


This register 
is always readable without 
consequence. 
A 
write access performs 
a direct clear operation 
if bit 0 in the 
written data is 1. Following that, the ZDS bit is O. 


This register is constructed 
with a reset dominant S-R flip- 
flop so that 
all cleaning conditions 
prevail over the possible 
zero detect condition. 


Bits 7-1 are unused and are read as O. 
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• 
PORT CONTROL 
STRUCTURE 
The primary focus of most applications 
will be on Ports A 


and B, the handshake 
pins, the port 
interrupt 
pins, and the 
DMA request pin. 
They are controlled 
in the following way: 
the Port General Control 
Register contains a 2-bit field that 
specifies a set of four 
operation 
modes. 
These govern the 


overall operation 
of the ports 
and determine 
their interrela- 


tionships. 
Some modes require 
additional 
information 
from 


each port's 
control 
register 
to further 
define its operation. 


In each port control 
register, there is a 2-bit submode field 


that serves this purpose. 
Each port mode/submode 
combination 


specifies a set of programmable characteristics that fully derme 
the 
behavior 
of that 
port 
and two of the handshake 
pins. 


This structure is summarized in Table 4 and Figure 8. 


H1 
(H3) 


H2 
(H4) 
H1 
(H3) 


H2 
(H4) 


¢lA{S) 
~A.ndB 
'\r-V 
(16) 


¢lS{S) 
H1 
Output 
H2 ~ 
Transfers 


H3 '---- 
Input 
H4 
,-- 
Transfers 


H1>-- Output 
H2 
Transfers 


H3>--lnput 
H4 
Transfers 
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• 
PORT GENERAL 
INFORMATION 
AND 
CONVENTIONS 
The following paragraphs introduce concepts that are gener- 
ally applicable 
to the PI/T ports 
independent 
of the chosen 
mode 
and submode. 
For this reason, no particular 
port 
or 
handshake 
pins are mentioned; 
the notation 
HI (H3) indicates 
that, depending 
on the chosen mode and sub-mode, the state- 
ment given may be true for either the HI or H3 handshake pin. 


• 
Unidirectional 
vs Bidirectional 


Figure 8 shows the configuration 
of Ports A and B and each 
of the handshake 
pins in each port mode and submode. 
In 
Modes 0 and I, a data direction register is associated with each 
of the ports. 
These registers contain one bit for each port pin 
to determine whether that pin is an input or an output. 
Modes 
o and I are, thus, called unidirectional 
modes because each pin 
assumes a constant direction, changeable only by a reset condi- 
tion 
or a programming 
change. 
These modes allow double- 


buffered 
data transfers 
in one direction. 
This direction, 
de- 


termined 
by the mode and submode definition, 
is known as 
the primary direction. 
Data transfers in the primary direction 
are controlled 
by the handshake 
pins. 
Data transfers not in 
the 
primary 
direction 
are generally unrelated, 
and single or 
unbuffered data paths exist. 


In Modes 2 and 3 there is no concept of primary direction 
as in Modes 0 arid I. 
Except for Port A in Mode 2 (Bit I/O), 
the data direction 
registers have no effect. 
These modes are 
bidirectional, 
in that the direction of each transfer (always 8 
or 16 bits, double-buffered) 
is determined dynamically by the 
state of the handshake 
pins. 
Thus, for example, data may be 


transferred out of the ports, followed very shortly by a transfer 
into the same port pins. 
Transfers to and from the ports are 
independent 
and may occur in any sequence. 
Since the in- 


stantaneous 
direction 
is always determined 
by the external 
system, a small amount of arbitration logic may be required. 


• 
Control of Double-Buffered 
Data Paths 
Generally 
speaking, 
the PI/T is a double-buffered 
device. 


In the primary direction, double-buffering 
allows orderly trans- 


fers by using the handshake pins in any of several programmable 
protocols. 
(When 
Bit 
I/O is used, 
double-buffering 
is not 
available and the handshake pins are used as outputs or status/ 
interrupt inputs.) 
Use of 
double-buffering 
is most 
beneficial 
in situations 
where a peripheral device and the computer system are capable 
of transferring data at roughly the same speed. Double-buffering 
allows the fetch operation 
of the data transmitter 
to be over- 


lapped with the store operation 
of the data receiver. 
Thus, 


throughput 
measured 
in bytes 
or words-per-second 
may be 
greatly 
enhanced. 
If there 
is a large mismatch 
in transfer 
capability 
between 
the computer 
and the peripheral, 
little or 
no benefit 
is obtained. 
In these cases there is no penalty in 
using double-buffering. 


• 
Double-Buffered 
Input Transfers 
In 
all modes, 
the 
PI/T 
supports 
double-buffered 
input 
transfers. 
Data that meets the port 
setup and hold times is 
latched on the asserted edge of HI(H3). 
HI(H3) is edge-sensi- 
tive, and may assume any duty-cycle as long as both high and 
low minimum 
times are observed. 
The PI/T contains 
a Port 
Status Register whose HIS(H3S) 
status bit is set anytime any 
input 
data is present 
in the double-buffered 
latches that has 
not been read by the bus master. 
The action of H2(H4) is 
programmable; it may indicate whether there is room for more 
data in the PI/T latches or it may serve other purposes. 
The 


Modo 
0 
Mod,l 
Modo 
2 
Modo 
3 
(Unidirectional 8-8it mode) 
(UnidlrectioIlllI18-Bit 
mode) 
(BidirectiOI\l18·8it model 
(Bidirectional 16·Bit model 


PortA 
Port A - Doubl•. SuH.red Dlt' 
(Most 
Port A - Bit 110 (with no handsh.kiog 
Port A - Double-Suff,red 
D,U (Most 
lianificantl 
;m 
sianifialntl 


SubmodeOO 
Doubl.Suffered 
Input 


H 1 - 
Latc:hn input ckU 


H2 - Status/interrupt lIItner.tiog 
input, geMt.l-purpose 
outpUt, 


or operettan with H1 in the 
interlocked or pulsed input 
h,ndthlke 
protocols 


Submode 01 - Double-Buffered 
5ubmock XX (not used) 
StJbmocH 
xx 
(not used) 
Submode XX (not used) 


0.",", 
H 1 - 
Stltus!interrupt gener~iog 


Hl -lndicat"d.tI 
ree-ivfld by 
input 
periph,r,l 
H2 - Sutuslintenupt 
genet'ling 
H2 - StatuI/interrupt Qe1l,rating 
input or gener.l-purpose 
input, general·purpose output, 
output 
or opeution 
with H 1 in tha 
intflrlocked or pulled outpUt 
hlnthheke 
protocol •. 


Submode 
1X - Bit 110 


H1 
- 
Stlihu/interJ\lpt gerwrating 
input 


1-42 - StatuuintflrJ\lpt generating 


input or llt!neral-j)Urpose 
~"'", 


PonB 
Port B - Double-Buffered 
Dna 
Port B - BidirlCtlonal 8-8it Datil 
Port B - Double-Buffered Datil 


(L••• t.ignifant! 
(Doubl.-Bufferedl 
IL.ut.ignificantJ 


Submode XO - Unidirection.1 16- 


Bit Input 


H3 and H4 
- 
Id.ntical to Port A, 
H3 
- 
L.tches input data 
Submodt XX fnot used) 
Submode XX (not usedl 


H1 and H2 
H4 -StlltuUinterrl4ltgenerati"ll 
H1 
- 
indat" 
outpUt datil received 
H1 
- 
Indiates 
outpUt datil receiv«l 


input, gener.l-iNrpoM out- 
by periph.,.. 
byplfi~al 


put, or oper.tion with 1-43 
H2 
- 
Oper.tion with 1-41 in the 
H2 
- (}per.tion with H1 in the 
in the interlocked 01'pulMd 
Interlocll:edor pulMd output 
int.rlocked 01'pul.ed outpUt 
input hllflcbhak. protocol. 
h.ndwk. 
protocol. 
handshake protocol. 
Submode Xl - Unidirec:tion.' l6-Bit 
H3 
- 
L.tchn 
input dltI 
H3 
- 
Latche. input d.tI 
Output 
H4 
- Oper.tion with H3 in th. 
H4 
- OpIr.tion with H3 in th. 


H3 
- 
IndiCIt•.• dlt. 
receiY'ICIby 
interlocked or pulled input 
interlocbd 
or pulsed i"put 


periph••.•• 
hlndlhlk. 
protocol. 
h.ndstwk. 
protocols 


1-44 - Stlltu•••.interrupt lI'OIr.ting 
input,general·purpose 
output, 


or operation with H3 in the 
int.rlocked or pulsed output 
h.ndshakll protocols 
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following options are available, depenamg on Ul~ 
lUVU'. 
(1) 
H2(H4) may be an edge-sensitive input that is independent 
of HI(H3) 
and the transfer of port data. 
On the asserted 
edge of H2(H4), 
the 
H2S(H4S) 
status 
bit is set. 
It is 
cleared by the direct method 
(refer to Direct Method of 
Resetting Status), the RESET pin being asserted, or when 
the 
HI2 
Enable 
(H34 
Enable) 
bit of the Port General 
Control Register is O. 
(2) H2(H4) 
may 
be a general purpose 
output 
pin that 
is 


always negated. 
The H2S(H4S) status bit is always O. 


(3) H2(H4) may be a general purpose output pin that is always 
asserted. The H2S(H4S) status bit is always O. 
(4) H2(H4) may be an output 
pin in the interlocked 
input 
handshake 
protocol. 
It is asserted when the port input 
latches 
are 
ready 
to 
accept 
new 
data. 
It 
is negated 


asynchronously 
following the asserted edge of the HI(H3) 
input. 
As soon 
as the input 
latches become ready, H2(H4) is 
again asserted. 
When the input double·buffered latches are 
full, H2(H4) remains negated until data is removed. 
Thus, 
anytime 
the H2(H4) 
output 
is asserted, new input 
data 
may be entered by asserting HI (H3). At other times transi· 


always O. 
When tiLl r.naUl~ \UJ~ 
~"~-"J 
_. 
_, 


is held negated. 


(5) H2(H4) may be an output 
pin in the pulsed input hand· 


shake protocol. 
It is asserted exactly as in the interlocked 


input 
prot~col, 
but 
never remains 
asserted 
longer than 


4 clock 
cycles. 
Typically, 
a four 
clock 
cycle pulse 
is 


generated. 
But 
in the 
case that 
a subsequent 
HI(H3) 


asserted 
edge 
occurs 
before 
termination 
of 
the 
pulse, 


H2(H4) is negated asynchronously. 
Thus, anytime 
after 


the leading edge of the H2(H4) pulse, new data may be 
entered 
in the PI/T double·buffered 
input 
latches. 
The 


H2S(H4S) status bit is always O. When HI2 Enable (H34 
Enable) is 0, H2(H4) is held negated. 
A sample timing diagram is shown in Figure 9. The H2(H4) 


interlocked 
and pulsed input handshake protocols 
are shown. 


The DMAREQ pin is also shown assuming it is enabled. 
All 


handshake 
pin sense bits are assumed to be 0 (refer to Port 


General Control Register); thus, the pins are in the low state 
when asserted. 
Due to the great similarity between modes, this 


timing diagram is applicable to all double-buffered 
input trans- 


fers. 


• 
Double-Buffered 
Output 
Transfers 
The PI/T supports 
double·buffered 
output 
transfers 
in all 
modes. 
Data, written 
by the bus master to the PI/T, is stored 


in the port's 
output 
latch. 
The peripheral accepts the data by 
asserting HI(H3), 
which causes the next data to be moved to 
the port's 
output 
latch as soon as it is available. 
The function 
of H2(H4) is programmable; it mai indicate whether new data 
has been moved to the output 
latch or it may serve other 
purposes. 
The HI S(H3S) status 
bit may be programmed 
for 
two interpretations. 
Normally the status bit is a I when there is 


at least one latch in the double-buffered 
data path that can 
accept new data. 
After writing one byte/word 
of data to the 
ports, 
an interrupt 
service routine 
could 
check 
this bit to 
determine 
if it could 
store 
another 
byte/word; 
thus, fI1ling 
both latches. 
When the bus master is fmished, it is often useful 
to be able to check whether all of the data has been transferred 
to the peripheral. 
The HI S(H3S) Status Control 
bit of the 
Port A and B Control Registers prOVide this flexibility. 
The 
programmable 
options 
of the H2(H4) 
pin are given below, 


depending on the mode. 
(I) 
H2(H4) may be an edge·sensitive input pin independent 
of HI(H3) 
and the transfer of port data. 
On the asserted 
edge of H2(H4), the H2S(H4S) status bit is set. It is reset 
by the direct method (refer to Direct Method of Resetting 


Status), the RESET pin being asserted, or when the HI2 
Enable 
(H34 
Enable) 
bit 
of the 
Port 
General 
Control 
Register is O. 
H2(H4) may be a general·purpose output pin that is always 
negated. 
The H2S(H4S) status bit is always O. 


H2(H4) may be a general-purpose output pin that is always 
asserted. The H2S(H4S) status bit is always O. 
H2(H4) may be an output 
pin in the interlocked 
output 


handshake 
protocol. 
H2(H4) is asserted two clock cycles 


after 
data 
is transferred 
to the 
double·buffered 
output 


latches. 
The data remains stable and H2(H4) remains assert· 


ed until the next asserted edge of the HI(H3) input. At that 
time, H2(H4) is asynchronously 
negated. 
As soon as the 


next data is available, it is transferred to the output latches. 
When H2(H4) is negated, asserted transitions 
on HI(H3) 
have no effect 
on the data paths. 
As is explained later, 


however, 
in Modes 2 and 3 they 
do control 
the three· 


state 
qutput 
buffers 
of 
the 
bidirectional 
port(s). 
The 


H2S(H4S) status bit is always O. When Hl2 Enable (H34 
Enable) is 0, H2(H4) is held negated. 
H2(H4) may be an output pin in the pulsed output hand- 
shake protocol. 
It is asserted exactly as in the interlocked 
output 
protocol 
above, but never remains asserted longer 


than four clock cycles. 
Typically, 
a four clock pulse is 
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generated. 
But 
in the 
case that 
a subsequent 
HI(H3) 
asserted 
edge 
occurs 
before 
termination 
of 
the 
pulse, 


H2(H4) 
is negated asynchronously 
shortening 
the pulse. 


The H2S(H4S) status bit is always O. When HI2 
Enable 


(H34 Enable) is 0 H2(H4) is held negated. 


A sample timing diagram is shown in Figure 10. The H2(H4) 


interlocked 
and pulsed output handshake protocols are shown. 


The DMAREQ pin is also shown assuming it is enabled. 
All 
handshake 
pin sense bits are assumed to be 0; thus, the pins 


are in the low state when asserted. 
Due to the great similarity 


between modes, this timing diagram is applicable to all double- 
buffered output transfer. 


• 
Requesting Bus Master Service 
The PI/T has several means of indicating a need for service 
by a bus master. First, the processor may poll the Port Status 
Register. 
It contains 
a status 
bit 
for each handshake 
pin, 


plus a level bit that always reflects the instantaneous 
state of 
that 
handshake 
pin. 
A status bit is I when the PI/T needs 
servicing, i.e., generally when the bus master needs to read 
or write data to the ports, or when a handshake pin used as a 
simple status 
input has been asserted. 
The interpretation 
of 
these bits is dependent on the chosen mode and submode. 


Second, the PI/T may be placed in the processor's interrupt 
structure. 
As mentioned 
previously, the PI/T contains Port A 
and 
B Control 
Registers that configure 
the handshake 
pins. 


Other bits in these registers enable an interrupt 
associated with 


each handshake 
pin. 
This interrupt 
is made available through 
the PC5/PIRQ 
pin, if the PIRQ function 
is selected. 
Three 
additional 
conditions 
are reqUired for PIRQ to be asserted: 
(I) 
the 
handshake 
pin status bit set, (2) the corresponding 


interrupt 
(service request) enable bit is set, (3) and DMA re- 


quests are not associated with that data transfer (HI and H3 
only). 
The conditions 
from each of the four handshake 
pins 


and corresponding status bits are ORed to determine PIRQ. 
The 
third 
method 
of requesting 
service is via the 
PC4/ 
DMAREQ pin. 
This pin can be associated with double-buffered 
transfers in each mode. 
If it is used as a DMA controller 
re- 
quest, it can initiate requests to keep the PI/T's input/output 
double-buffering 
empty/full 
as much as possible. 
It will not 


overrun the DMA controller. 
The pin is compatible 
with the 


H068450 
Direct Memory Access Controller (DMAC). 


• 
Vectored, Prioritized Port Interrupts 
Use of HD68000-compatible 
vectored 
interrupts 
with the 
PI/T requires the PIRQ and JiiACK pins. 
When PlACK is as- 


serted, the PI/T places an 8-bit vector on the data pins Do-D7• 
Under normal 
conditions, 
this vector corresponds 
to highest 


priority, 
enabled, active port interrupt 
source with which the 
~ 
pin is not currently associated. 
The most-significant 
six bits 
are provided 
by the Port 
Interrupt 
Vector 
Register 


(PNR), 
with 
the 
lower 
two bits 
supplied by prioritization 


logic according to conditions 
present when PlACK is asserted. 
It is important 
to note that the only affect on the PI/T caused 
by interrupt 
acknowledge 
cycles is that 
the vector is placed 
on the data bus. Specifically, no registers, data, status, or other 
internal states of the PI/T are affected by the cycle. 


Several conditions 
may be present when the PlACK input 


is asserted 
to the PI/T. 
These conditions 
affect 
the PI/T's 


response and the termination 
of the bus cycle. 
If the PI/T 
has no interrupt 
function 
selected, or is not asserting PIRQ, 


the PI/T will make no response to PlACIi:: (1YrACK will not be 
asserted). 
If the PI/T is asserting PIRQ when PlACK is received, 


the PI/T will output 
the contents of the Port Interrupt 
Vector 
Register and the prioritization 
bits. 
If the PIVR has not been 
initialized, $OF will be read from this register. These conditions 
are summarized in Table 5. 


PIRQ negated OR interrupt 
PIRQ asserted 
Conditions 
request function not selected 


PIVR has not been initialized 
No response from PI/T. 
PI/T provides $OF, the 
since RESET 
No DTACK. 
Uninitialized Vector.· 


PIVR has been initialized 
No response from PI!T. 
PI!T provides PIVR contents 
since RESET 
No DTACK. 
with prioritization 
bits. 
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The vector table entries for the PI!T appear as a contiguous 
block of four vector 
numbers whose common upper six bits 
are programmed 
in the PNR. 
The following table pairs each 
interrupt 
source with the 2·bit value provided by the prioriza- 
tion logic, when interrupt acknowledge is asserted. 


HI source 
00 
H2 source 
01 
H3 source 
10 
H4 source 
II 


• 
Autovectored Port Interrupts 
Autovectored 
interrupts use only the PIRQ pin. 
The opera· 
tion of the PI/T with vectored and autovectored 
interrupts 
is 
identical 
except 
that 
no vectors are supplied and the PC6! 
PlACK pin can be used as a Port C pin. 


• 
Direct Method of Resetting Status 
In certain modes one or more handshake 
pins can be used 
as edge-sensitive inputs for sole purpose of setting bits in the 
Port 
Status 
Register. 
These bits consist of simple flip-flops. 
They are set (to 
I) by the occurrence of the asserted edge of 
the handshake pin input. 
Resetting a handshake status bit can 
be done by writing an B-bit mask to the Port Status Register. 
This is called the direct method of resetting. 
To reset a status 
bit 
that 
is resettable 
by the direct method, 
the mask must 
contain a I in the bit position of the Port Status Register cor- 
responding 
to the desired bit. 
Other positions must contain 
O's. For status bits that are not resettable by the direct method 
in the chosen mode, the data written to the port status register 
has no effect. 
For status bits that are resettable by the direct 
method in the chosen mode, a 0 in the mask has no effect. 


• 
Handshake Pin Sense Control 
The PI!T contains exclusive-OR gates to control the sense of 
each of the handshake pins, whether used as inputs or outputs. 
Four bits in the Port General Control Register may be program· 
med to determine 
whether 
the pins are asserted in the low or 
high voltage state. 
As with other control 
registers, these bits 
are reset to 0 when the RESET pin is asserted, defaulting the 
asserted level to be low. 


• 
Enabling Ports A and B 
Certain functions 
involved with double·buffered 
data trans- 
fers, the handshake pins, and the status bits, may be disabled by 
the external system or by the programmer during initialization. 
The Port General Control Register contains two bits, HI2 Ena- 
ble and H34 Enable, which control these functions. These bits 
are cleared to the 0 state when the RESET pin is asserted, and 
the functions are disabled. 
The functions are the following . 


(I) 
Independent 
of other 
actions by the bus master or peri- 


pheral (via the handshake 
pins), the PI/T's disabled hand- 
shake controller is held to the "empty" 
state, i.e., no data 


is present in the double-buffered data path. 
(2) When any handshake 
pin is used to set a simple status 


flip·flop, 
unrelated 
to 
double-buffered 
transfers, 
these 
flip-flops are held reset to O.(See Table 4.) 
(3) When H2(H4) is used in an interlocked 
or pulsed hand- 
shake with 
HI(H3), 
H2(H4) 
is held negated, 
regardless 


of 
the 
chosen 
mode, 
submode, 
and primary 
direction. 


Thus, for double-buffered 
input transfers, the programmer 
may signal a peripheral 
when the PI!T is ready to begin 
transfers 
by setting the associated handshake 
enable bit 


to I. 


• 
The Port A and B Alternate Registers 
In addition 
to the Port A and B Data Registers, the PI!T 
contains Port A and B Alternate Registers. 
These registers are 


read·only, and simply proVide the instantaneous 
level of each 


port pin. 
They have no effect on the operation 
of the hand- 


shake pins, double·buffered 
transfers, status bits, or any other 
aspect of the PI!T, and they are mode!submode 
independent. 


• 
PORT MODES 
This 
section 
contains 
information 
that 
distinguishes 
the 
various 
port 
modes 
and 
submodes. 


• 
Mode 0 - Unidirectional a·Bit Mode 
In Mode 0, Ports A and B operate 
independently. 
Each 
may be configured in any of its three possible submodes: 


Submode 00 - 
Double-Buffered Input 
Submode 01 - 
Double·Buffered Output 
Submode I X - 
Bit I!O 
Handshake 
pins HI 
and H2 are associated 
with Port A and 
configured 
by 
programming 
the 
Port 
A Control 
Register. 
(The 
HI2 
Enable bit of the Port General Control 
Register, 


enables 
Port 
A transfers.) 
Handshake 
pins H3 and H4 are 


associated 
with Port 
B and configured 
by programming 
the 


Port 
B Control 
Register. 
(The 
H34 Enable bit of the Port 
General Control 
Register enables Port B transfers.) 
The Port 
A and 
B Data Direction 
Registers operate 
in all three 
sub- 


modes. 
Along with the submode, 
they affect 
the data read 
and written 
at the associated data register according to Table 
6. 
They also enable the output 
buffer 
associated with each 
port 
pin. 
The DMAREQ pin may be associated 
with either 
(not both) Port A or Port B, but does not function if the Bit 
I!O submode is programmed for the chosen port. 
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Read Port AIB 
Write Port AlB 
Data Register 
Data Register 
Mode 


DDR = 0 
DDR = 1 
DDR = X 


o Submode 
00 
FIL.D.B. 
FOL Note 3 
FOL. S.B. 
Note 1 
o Submode 
01 
Pin 
FOL Note 3 
IOLlFOL. D.B. 
Note 2 
o Submode 
1X 
Pin 
FOL Note 3 
FOL. S.B. 
Note 1 


Abbreviations: 


IOL - 
Initial Output Latch 
S.B. 
- 
Single Buffered 
FOL - 
Final Output Latch 
D.B. - 
Double Buffered 
FIL - 
Final Input Latch 
DDR - 
Data Direction Register 


Note 1: 
Data is latched in the output data registers (final output latch) and will be single buffered at the pin if the DDR 
is 1. The output buffers will be turned off if the DDR is O. 
Note 2: 
Data is latched in the double-buffered 
output data registers. The data in the final output latch will appear on 
the port pin if the DDR is a 1. 


Note 3: 
The output drivers that connect the final output latch to the pins are turned on. 


In Mode 0, double-buffered 
input transfers of up to 8-bits are 
available by programming 
Submode 
00 in the desired port's 
control 
register. 
The operation of H2 and H4 may be selected 
by programming 
the Port 
A and Port 
B Control 
Registers, 
respectively. 
All five double-buffered 
input handshake options, 
previously 
m.entioned 
in the Port 
General 
Information 
and 
Conventions section, are available. 


For pins used as outputs, 
the data path consists of single 
latch 
driving the output 
buffer. 
Data written 
to the port's 
data register does not affect the operation 
of any handshake 
pin, status bit, or any other aspect of the PI/T. 
Output pins 
may be used independently 
of the input transfer. 
However, 
read bus cycles to the data register do remove data from the 
port. 
Therefore, 
care should be taken to avoid processor in- 
structions that perform unwanted read cycles. 


Refer 
to 
PARALLEL 
PORTS 
Double-Buffered 
Input 
Transfers for a sample timing diagram. (Figure 9) 


(2) Port A or B Submode 01 (8-Bit Double-Buffered Output) 
In Mode 0, double-buffered 
output 
transfers of up to 8 bits 
are available by programming submode 01 in the desired port's 
control 
register. 
The operation of H2 and H4 may be selected 
by programming 
the 
Port 
A and Port B Control 
Registers, 


respectively. 
All five double-buffered 
output 
handshake 
op- 


HI 
(H3) 


H2 
(H4) 


tions, preViously mentioned 
in the Port General Information 
and Conventions section, are available. 
For pins used as inputs, data written to the associated data 
register 
is double-buffered 
and passed to the initial or fmal 
output latch, as usual, but the output buffer is disabled. 


Refer 
to 
PARALLEL 
PORTS 
Double-Buffered 
Output 
Transfers for a sample timing diagram (Figure 10) 


HI (H31 


H2 (H41 


Iii Mode 0, simple Bit I/O is available by programming 
Sub- 
mode 
IX in the desired port's control register. 
This submode 
is 
intended 
for 
applications 
in which 
several independent 
devices must be controlled 
or monitored. 
Data written to the 
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associated 
data register is single-buffered. 
If the data direc- 
tion register bit for that pin is a I (output), 
the output buffer 
is enabled. 
If it is 0 (input), data written is still latched, but is 
not available at the pin. 
Data read from the data register is 
the instantaneous 
value of the pin or what was written to the 
data 
register, 
depending 
on the contents 
of the data direc· 
tion 
register. 
HI(H3) 
is an edge-sensitive status 
input 
pin 


only and it controls no data-related 
function. 
The HIS(H3S) 


status bit is set following the asserted edge of the input wave- 
form. 
It is reset by the direct method, 
the RESET pin being 


asserted, or when the HI2 Enable (H34 Enable) bit is O. 


H2(H4) can be programmed 
as a simple status input (iden- 
tical to HI(H3)), 
or as an asserted or negated output. 
The 
interlocked 
or pulsed handshake configurations 
are not availa- 
ble. 


• 
Mode 1 - Unidirectional 16·8it Mode 
In Mode I, Ports A and B are concatenated 
to form a single 


16·bit port. 
The Port B Submode field controls the configura- 
tion of both ports. 
The possible submodes are: 


Port B Submode XO 
Double-Buffered Input 
Port B Submode XI - 
Double-Buffered Output 


Handshake 
pins H3 and H4, configured by programming the 


Port B Control Register, are associated with the 16·bit double- 
buffered 
transfer. 
These 
16-bit transfers, are enabled by the 


H34 Enable bit of the Port General Control 
Register. 
Hand- 


shake pins HI and H2 may be used as simple status inputs 
not related to the 16-bit data transfer or H2 may be an output. 
Enabling of the HI and H2 handshake pins is done by the HI2 
Enable bit of the Port General Control 
Register. 
The Port A 


and B Data Direction 
Registers operate 
in each sub-mode. 


Along with the submode, they affect the data read and written 
at the data register according to Table 7. They also enable the 
output 
buffer 
associated with each port pin. 
The DMAREQ 


pin may be associated only with H3. 


Mode I can provide convenient, high-speed 16-bit transfers. 


The Port A and B data registers are addressed for compatibility 
with the HD68000 Move Peripheral (MOVEP) instruction 
and 


with the HD68450 DMAC. To take advantage of this, Port A 
should contain the most-significant 
byte of data and always be 


read or written 
by the bus master first. 
The interlocked 
and 


pulsed handshake protocols are keyed to accesses to the Port B 
Data Register in Mode I. If it is accessed last, the 16-bit double- 
buffered transfers proceed smoothly. 


Read Port A/B 
Write Port A/B 


Mode 
Register 
Register 


DDR = 0 
DDR = 1 
DDR = 0 
pDR = 1 


1, Port B 
Fll. D.B. 
FOl 
FOl, S.B. 
FOl,S.B. 


Submode XO 
Note 3 
Note 2 
Note 2 


1, Port B 
Pin 
FOl 
tOUFOl. 
IOUFOl. 


Submode Xl 
Note 3 
D.B., 
D.B., 


Note 1 
Note 1 


Note 1: 
Data written to Port A goes to a temporary latch. When the Port B data register is later written, Port A data is 
transferred to tOUFOl. 


Note 2: 
Data is latched in the output data registers (final output latch) and will be single buffered at the pin if the DDR 
is 1. The output buffers will be turned off if the DDR is O. 
Note 3: 
The output drivers that connect the final output latch to the pins are turned on. 


Abbreviations: 


IOl - 
Initial Output latch 
S.B. - 
Single Buffered 
FOl 
- 
Final Output latch 
D.B. - 
Double Buffered 
Fll 
- 
Final Input latch 
DDR - 
Data Direction Register 


In Mode I Port B Submode XO, double·buffered input ttansfers 
of up to 16 bits may be obtained. 
The level of all 16 pins is 


asynchronously 
latched 
with 
the 
asserted edge of H3. 
the 
processor may check H3S status bit to determine if new data 
is present. 
The DMAREQ pin may be used to signal a DMA 


controller 
to empty the input buffers. 
Regardless of the bus 


master, Port 
A data should be read first. 
(Actually, 
Port A 
data need not be read at all.) Port B data should be read last. 
The operation 
of the internal handshake controller, 
the H3S 
bit, 
and DMAREQ are keyed 
to the reading of the Port B 


data register. (The HD68450 
DMAC can be programmed 
to 


perform the exact transfers needed for compatibility 
with the 


PI/t.) 
H4 may be programmed 
for all five of the handshake 


options mentioned 
in the Port General Information 
and Con- 


ventions section. 
For pins used as outputs, 
the data path consists of a single 


latch 
driVing the output 
buffer. 
Data written 
to the port's 


data register does not affect the operation 
of any handshake 


pin, status bit, or any other aspect of the PI/T. 
Thus, output 


pins 
may 
be 
used 
independently 
of 
the 
input 
transfer. 


However, read bus cycles to the Port B Data Register do remove 
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Refer to PARALLEL PORTS Double-Buffered 
Input Trans- 


fers for a sample timing diagram (Figure 
9). 


In Mode 1 Port B Submode XI, double-buffered 
output 
trans- 
fers of up to 16 bits may be obtained. 
Data is written 
by 
the bus master (processor 
or DMA controller) 
in two bytes. 


The first byte (most-significant) 
is written to the Port A Data 
Register. 
It is stored in a temporary latch until the next byte 


is written 
to the Port B Data Register. 
Then all 16 bits are 


transferred 
to the final output latches of Ports A and B. Both 


options for interpretation 
of the H3S status bit, mentioned 
in 
Port General Information 
and Comments section, are available 


and apply to the 16-bit port as a whole. The DMAREQ pin may 
be used to signal a DMA controller 
to transfer another word to 
the port output latches. (The HD68450 DMAC can be program- 
med to perform 
the exact transfers needed for compatibility 
with 
the PI/T.) 
H4 may be programmed 
for all five of the 
handshake options mentioned 
in Port General Information 
and 
Comments section. 


For pins used as inputs, data written to either data register 
is double-buffered 
and passed to the initial or fmal output 
latch, as usual, but the output buffer is disabled. 


Refer to PARALLEL 
PORTS Double-Buffered 
Input/Out- 
put Transfer for a sample timing diagram (Figure 10). 


W 
A(8 
) 
W8(8) 


HI 
Output 
H2 >-- 
Transfers 


H3>-- 
Input 
H4 
Transfers 


In Mode 2, Port A is used for simple bit I/O with no associat- 


ed handshake pins. Port B is used for bidirectional 8-bit double- 
buffered transfers. 
HI and H2, enabled by the HI2 Enable bit 
in the Port General Control Register, control output 
transfers, 


while H3 and H4, enabled by the Port General Control Register 
bit H34 Enable, 
control 
input 
transfers. 
The instantaneous 
direction of the data is determined 
by the H I handshake pin. 


The Port B Data Direction Register is not used. 
The Port A 


and Port 
B submode 
fields do not affect PI/T operation 
in 
Mode 2. 
(1) Double-Buffered I/O (Port B) 
The only aspect of bidirectional 
double-buffered 
transfers 


that 
differs from the uni-directional 
modes lies in controlling 
the Port B output buffers. 
They are controlled by the level of 


HI. 
When HI is negated, the Port B output 
buffers (all 8) are 
enabled and the pins drive the bidirectional bus. Generally, HI 
is negated in response to an asserted H2, which indicates that 
new 
output 
data 
is present 
in the 
double-buffered 
latches. 


Following acceptance 
of the data, the peripheral asserts HI, 


disabling the Port B output buffers. 
Other than controlling the 


output 
buffer, 
HI 
is edge-sensitive as in other modes. 
Input 


transfers 
proceed 
identically 
to 
the 
double-buffered 
input 


protocol 
described in the Port General Information 
and Con- 


ventions Section. 
In Mode 2, only the interlocked 
and pulsed 


Mode 
Read Port B 
Write Port B 
Data Register 
Data Register 


2 
FIL,D.B. 
10LlFOL, D.B. 


Abbreviations: 


10L - 
Initial Output Latch 
D.B. - 
Double Buffered 
FOL - 
Final Output Latch 
FIL 
- 
Final Input Latch 
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handshake 
pin 
options 
are 
available on H2 and H4. 
The 
DMAREQ pin may be associated with either input transfers 
(H3) or output 
transfers (HI), but not both. 
Refer to Table 8 
for a summary of the Port B Data Register responses in Mode 2. 
(2) Bit I/O (Port A) 
Mode 2, Port A performs simple bit I/O with no associated 
handshake pins. This configuration 
is intended for applications 
in which 
several independent 
devices must be controlled 
or 


monitored. 
Data written 
to the Port A data register is single- 


buffered. 
If the Port A Data Direction Register bit for that 


pin is I (output), 
the output buffer is enabled. 
If it is 0, data 


written 
is still latched but not available at the pin. 
Data read 


from the data register is either the instantaneous 
value of the 


pin or what was written to the data register, depending on the 
contents 
of the Port A Data Direction Register. 
This is sum- 


marized in Table 9. 


Read Port A 
Write Port A 


Mode 
Data Register 
Data Register 


DDR = 0 
DDR = 1 
DDR = 0 
DDR = 1 


2 
Pin 
FOL 
FOL 
FOL,S.B. 


Abbreviations: 


S.B. - 
Single Buffered 
DDR - 
Data Direction Register 
FOL - 
Final Output Latch 


• 
Mode 3 - Bidirectional 16-Bit Double 
Buffered 
I/O 


~A.ndBv-v 
(16) 


HI 
Output 


H2 ~ 
Transfers 


H3 ~ 
Input 
H4 
Transfers 


In Mode 3, Ports A and B are used for bidirectional 
16-bit 
double-buffered 
·transfers. 
HI and H2 control 
output 
trans- 


fers, while H3 and H4 control input transfers. (HI and H2 are 
enabled by the HI2 Enable bit while H3 and H4 are enabled by 
the H34 Enable bit of the Port General Control Register.) The 
instantaneous 
direction 
of the data is determined 
by the HI 
handshake 
pin, and thus, the data direction registers are not 
used. 
The Port A and Port 
B submode fields do not affect 
PI/T operation in Mode 3. 


The only aspect of bidirectional 
double-buffered 
transfers 
that differs from the unidirectional 
modes lies in controlling 
the Port A and B output 
buffers. 
They are controlled by the 
level of HI. 
When HI is negated, the output 
buffers (all 16) 
are enabled and the pins drive the bidirectional bus. General- 
ly, HI is negated in r.esponse to an asserted H2, which indicates 


that new output 
data is present in the double-buffered 
latches. 


FollOWing acceptance 
of the data, the peripheral asserts HI, 


disabling the output buffers. 
Other than controlling the output 


buffers, HI is edge-sensitive as in other modes. 
Input transfers 


proceed 
identically 
to 
the 
double-buffered 
input 
protocol 


described 
in the Port General Information 
and Conventions 


section. 
Port A and B data is latched with the asserted edge of 


H3. 
In Mode 3, only the interlocked 
and pulsed handshake 


pin options 
are available to H2 and H4. 
The DMAREQ pin 


may be associated with either input transfers (H3) or output 
transfers (HI), 
but not both. 
H2 indicates when new data is 


available in the Port B (and implicitly Port A) output latches, 
but unless the buffer is enabled by HI, the data is not driVing 
the pins. 


Mode 3 can proVide convenient high-speed 16-bit transfers. 


The Port A and B Data Registers are addressed for compati- 
bility with the HD68000's 
Move Peripheral (MOVEP) instruc- 


tion and with the HD68450 DMAC. To take advantage of this, 
Port A should contain the most-significant data and always be 
read or written 
by the bus master first. 
The interlocked 
and 


pulsed handshake protocols are keyed to accesses to the Port B 
Data Register in Mode 3. If it is accessed last, the 16-bit double- 
buffered transfer proceed smoothly. 
Refer to Table 10 for a 


summary of the Port A and B data paths in Mode 3. 


• 
DMA REQUEST OPERATION 
The Direct Memory Access Request (DMAREQ) pulse can 


be associated with output 
or input transfers to keep the initial 


and fmal output 
latches full or initial and fmal input latches 


empty 
respectively. 
Figure 
18 and 19 show all the possible 


paths in generating DMA requests. 
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Mode 
Read Port A and B 
Write Port A and B 
Data Register 
Data Register 


3 
FIL,D.B. 
IOLlFOL. D.B., Note 1 


Note 1: 
Data written to Port A goes to a temporary latch. When the Port B data register is later written. 
Port A data is 
transferred to IOLlFOL. 


Abbreviations: 


IOL - 
Initial Output Latch 
s.B. - 
Single Buffered 


FOL - 
Final Output Latch 
D.B. - 
Double Buffered 


FIL - 
Final Input Latch 


~~~ 


Bus Write 
No DMA 
Request 
,O.A"~_UO.' 


Bus Write 
DMA 
Request 
, 
t 


No DMA 
Request 
Peripheral 
Accepts 
Oat8 
"--~/ 


• 
TIMER 
The H068230 
timer can provide several facilities needed 


by H068000 
operating 
systems. 
It can generate periodic in· 


terrupts, 
a square wave, or a single interrupt after a programmed 


time period. 
Also, it can be used for elapsed time measurement 


or as a device watchdog. 
This section deseribes the program· 


mabie options available, capabilities, and restrictions that apply 
to the timer. 


The PI/T timer contains a 24-bit synchronous down counter 


that 
is loaded 
from 
three 
8-bit Counter 
Preload 
Registers. 
The 24-bit counter 
may be clocked by the output 
of a 5-bit 


(divide-by-32) prescaler or by an external timer input TIN. If 
the pre sealer is used, it may be clocked by the system clock 
(CLK pin) or by the TIN external input. 
The counter signals 


the occurrence 
of an event primarily through zero detection. 


(A zero is when the counter 
of the 24-bit timer is equal to 


zero.) 
This sets the zero detect status (ZDS) bit in the Timer 


Status Register. 
It may be checked by the processor or may be 


used to generate 
a timer interrupt. 
The ZDS bit is reset by 
writing a I to the Timer Status Register in that bit position. 
The general operation 
of the timer is flexible and easily 
programmable. 
The timer is fully configured 
and controlled 


by programming the 8-bit Timer Control Register. 
It controls: 


(1) the choice between 
the Port C operation 
and the timer 


~~ 
Peripheral Provides Data 
No OMA 
Request 


~ 
. 
O.A>GV<:"~ 


Peripheral Provides Oat8 
OMA 
Request 
t 
No DMA Reque.. 
Bus Read 
'--~/ 


operation 
of three timer pins, 


(2) whether 
the counter 
is loaded from the Counter 
Preload 


Register or rolls over when zero detect is reach, 


(3) the clock input, 
(4) whether the presealer is used, and 
(5) whether the timer is enabled. 


• 
RUN/HALT DefinitionJ 
The overall operation 
of the timer is described in terms of 


the run or halt states. 
The control of the current state is de· 


termined 
by programming the Timer Control Register. 
When 
in the halt state, all of the follOWingoccur. 
(1) The prior contents 
of the counter 
is not altered 
and is 


reliably readable via the Count Registers. 


(2) 
The prescaler is forced to $IF whether or not it is used. 


(3) 
The ZDS status bit is forced to 0, regardless of the possible 
zero contents of the 24-bit counter. 


The run state is characterized by: 
(1) The 
counter 
is clocked 
by the 
source 
programmed 
in 


the Timer Control Register. 


(2) The counter is not reliably readable. 
(3) 
The presealer is allowed to decrement 
if programmed for 


use. 
(4) The ZDS status bit is set when the 24-bit counter transi· 


tions from $000001 to $000000. 
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• 
Timer Rules 
This section provides a set of rules that allow easy applica- 


tion of the timer. 


When the RESET pin is asserted, 
all bits of the Timer 
Control 
Register go to 0, confIguring the dual function 
pins as Port C inputs. 
The contents of the Counter Preload Registers and counter 
are not affected by the RESET pin. 
The Count Registers proVide a direct read data path from 
each portion 
of the 24-bit counter, 
but data written 
to 
their addresses is ignored. 
(This results in a normal bus 
cycle.) 
These registers are readable at any time, but their 
contents 
are never latched. 
Unreliable data may be read 
when the timer is in the run state. 
The Counter 
Preload 
Registers are readable and writable 
at any time and this occurs independently 
of any timer 
operation. 
No protection 
mechanisms are proVided against 
ill-timed writes. 
The input frequency 
to the 24-bit counter 
from the TIN 
pin or prescaler output, 
must be between 0 and the in- 


put frequency 
at CLK pin divided by 32 regardless of the 
configuration chosen. 
For configurations 
in which the prescaler is used (with the 
CLK pin or TIN pin as an input), 
the contents 
of the 
Counter 
Preload 
Register 
(CPR) 
is transferred 
to 
the 


counter the fust time that the prescaler passes from $00 to 
$1F (rolls over) after entering the run state. 
Thereafter, 


the 
counter 
decrements 
or is loaded from the Counter 
Preload Register when the pre scaler rolls over. 
For 
configurations 
in which 
the 
prescaler 
is not 
used, 


the contents 
of the Counter 
Preload Registers are trans- 
ferred to the counter on the fust asserted edge of the TIN 
input after entering the run state. 
On subsequent asserted 
edges the counter decrements or is loaded from the Counter 
Preload Registers. 
The lowest value allowed in the Counter Preload Register 
for use with the counter is $000001. 


• 
Timer Interrupt Acknowledge Cycles 
Several conditions may be present when the timer interrupt 
acknowledge pin (TIACK) is asserted. 
These conditions affect 
the PI/T's response and the termination 
of the bus cycle. (see 
Table II) 


Table 11 
Response to Timer Interrupt 
Acknowledge 


PC31T0UT Function 
Response to Asserted TIACK 


PC3 - Port C Pin 
No response. 
No DTACK. 


TOUT - Square Wave 
No response. 
No DTACK. 


TOUT - Negated Timer 
No response. 
Interrupt 
Request 
No DTACK. 


TOUT - Asserted 
Timer Interrupt Vector Contents. 
Timer Interrupt 
DTACK Asserted. 


Request 


• 
TIMER APPLICATIONS SUMMARY 
This section 
outlines 
programming 
of the Timer Control 


Register for several typical examples. 


7 
I 
6 
I 
5 
4 
3 
2 
I 
1 
0 


TOUT/TIACK 
Z.O. 
. 
Clock 
Timer 


Control 
Ct,!. 
Control 
Enable 


In this configuration 
the timer generates 
a periodic inter- 


rupt. 
The TOUT pin is connected 
to the system's interrupt 


request circuitry and the TIACK pin may be used as an inter- 
rupt acknowledge 
input 
to the timer. 
The TIN pin may be 


used as a clock input. 


The 
processor 
loads 
the 
Counter 
Preload 
Registers 
and 


Timer Control 
Register, 
and 
then enables the timer. 
When 


the 24-bit counter 
passes from $000001 to $000000 the ZDS 


status bit is set and the TOUT (interrupt request) pin is asserted. 
At the next clock to the 24-bit counter it is again loaded with 
the 
contents 
of the 
CPR's, 
and thereafter 
decrements. 
In 


normal operation, 
the processor must direct 
clear the status 


bit to negate the interrupt request. 
(Figure 20) 


'"I-..--------Run 
------- 


Timer J~---------------- 
Enabla 


7 
I 
6 
I 
5 
4 
3 
2 
I 
1 
0 


TOUT/TIACK 
Z.O. 
. 
Clock 
Timer 


Control 
Ct,!. 
Control 
Enabla 


In this configuration 
the timer produces a square wave at 


the TOUT pin. 
The TOUT pin is connected to the user's cir- 


cuitry and the TIACK pin is not used. 
The TIN pin may be 


used as a clock input. 
The 
processor 
loads 
the 
Counter 
Preload 
Registers 
and 


Timer Control 
Register, 
and 
then enables the timer. 
When 


the 24-bit counter 
passes from $00000 1 to $000000 
the ZDS 
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status bit is set and the TOUT (square wave output) 
pin is 
toggled. 
At the next clock; to the 24-bit counter 
it is again 
loaded with the contents 
of the CPRs, and thereafter 
decre· 
ments. 
In this application 
there is no need for the processor 
to direct clear the ZDS status bit; however, it is possible for 
the processor to sync itself with the square wave by clearing 
the ZDS status bit, then 
polling it. 
The processor may also 
read the TOUT level at the Port C address. 


Note that 
the PC3/TOUT 
pin functions 
as PC3 following 
the negation of RESET. 
If used in the square wave configu- 
ration 
a pullup 
resistor 
may be required 
to keep a known 
level prior to programming. 
Prior to enabling the timer, TOUT 
is high. (Figure 21) 


-I·~------Run -------- 
Timer J----------------- 
Enable 


$FFFFFF 


24-8it 


Counter 


\~~I 
L 


7 
I 
6 
I 
5 
4 
3 
2 
I 
1 
0 


TOUT/TIACK 
Z.O. 
. 
Clock 
Timer 
Control 
Ctrl. 
Control 
Eneble 


In this configuration 
the timer generates an interrupt 
after 
a programmed 
time 
period 
has expired. 
The TOUT pin is 
~ed 
to the system's interrupt 
request circuitry and the 
TIACK pin may 
be an interrupt 
acknowledge 
input 
to the 
timer. The TIN pin may be used as a clock input. 


I••••...-----Run ------ 
•.-1 


Timer J--------------/~I 
Control 
L--. 


ZDS 
~ 


TOUT-----------~L_J 


U 


This configuration 
is similar to the periodic interrupt 
gener- 
ator except that the Zero Detect Control bit is set. This forces 
the counter 
roll over after Zero Detect is reached, rather than 
reloading from the CPRs. 
When the processor takes the inter- 
rupt it can halt the timer and read the counter. 
This allows the 
processor to measure the delay time from Zero Detect (inter- 
rupt request) to entering the service routine. 
Accurate knowl- 
edge of the interrupt 
latency may be useful in some applica- 


tions. (Figure 22) 


• 
Elapsed Time Measurement 
Elapsed 
time 
measurement 
takes 
several forms; 
two 
are 
described below. 


7 
I 
6 
I 
5 
4 
3 
2 
I 
1 
0 


TOUT/T1ACK 
Z.O. 
. 
Clock 
Timer 


Control 
Ctr!. 
Control 
Enable 


This 
configuration 
allows 
time 
interval 
measurement 
by 
software. 
No timer pins are used. 


The processor loads the Counter Preload Registers (general- 


ly with all Is) and Timer Control 
Register, and then enables 
the 
timer. 
The counter 
decrements 
until 
the 
ending event 


takes place. 
When it is desired to read the time interval, the 
processor must halt the timer, then read the counter. 


For applications 
in which the interval could have exceeded 
that 
programmable 
in this timer, 
interrupts 
can be counted 
to proVide the eqUivalent of additional timer bits. 
At the end, 


the timer can be halted and read. 


7 
I 
6 
I 
5 
4 
3 
2 I 
1 
0 


TOUT/TIACK 
Z.O. 
. 
Clock 
Timer 


Control 
Ctr!. 
Control 
Enable 


This configuration 
allows measurement 
(counting) 
of the 
number 
of input pulses occurring in an interval in which the 
counter is enabled. 
The TIN input pin provides the input pulses. 


Generally the TOUT and TIACK pins are not used. 


This configuration 
is identical to the Elapsed Time Measure· 
ment/System 
Clock configuration 
except that the TIN pin is 
used to provide the input frequency. 
It can be connected to a 


simple oscillator, and the same methods could be used. 
Alter· 


nately, it could be gated off and on externally and the number 
of cycles occurring 
while in the run state can be counted. 


However, 
minimum 
pulse width 
high and low specifications 


must be met. (Figure 23) 
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••, ••__ ---- 
Run 


Timer 
J 
Enable 


-'!1- 


7 I 
6 I 
5 
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3 
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1 
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TOUTITIACK 
Z.O. 
Clock 
Timer 
Control 
Ctri. . 
Control 
Eneble 


This configuration 
provides the watchdog function 
needed 


in many systems. 
The TIN pin is the timer input whose period 
at the high (I) level is to be checked. 
Once allowed by the 
processor, the TIN input pin controls the run/halt mode. 
The 
TOUT pin is connected 
to external circuitry requiring notifi- 


cation 
when the TIN pin has been asserted longer than the 
programmed 
time. 
The TIACK pin (interrupt 
acknowledge) 
is only 
needed 
if the 
TOUT pin is connected 
to interrupt 


circuitry. 


The processor loads the Counter Preload Register and Timer 
Control 
Register, and then enables the timer. 
When the TIN 
input is asserted (1, high) the timer transfers the contents 
of 
the Counter 
Preload Register to the counter and begins count- 
ing. If the TIN input is negated before Zero Detect is reached, 
the TOUT output 
and the ZDS status bit remain negated. 
If 
Zero Detect is reached while the TIN input is still asserted the 
ZDS status bit is set and the TOUT output 
is asserted. (The 


counter rolls over and keeps on counting.) 


In either 
case, when 
the 
TIN input 
is negated the ZDS 


status 
bit 
is 0, the 
TOUT output 
is negated, 
the counting 


stops, and the pre scaler is forced to all Is. (Figure 24) 


Timer J 
Enoble 


soooooo 


ZOS 
--'~ 


TOUT------------U- 


• 
BUS INTERFACE 
CONNECTION 
The 
PI/T 
has 
an 
asynchronous 
bus 
interface, 
primarily 


designed 
for 
use with 
the 
H068000 
microprocessor. 
With 


care, however, 
it can be connected 
to 
synchronous 
micro- 


processor buses. 
This section completely 
describes the PI/T's 


bus interface, and is intended for the asynchronous bus designer 
unless otherwise mentioned. 


In an asynchronous 
system the PI/T CLK may operate at a 


significantly 
different 
frequency, 
either higher or lower, than 


the bus master and other 
system components, 
as long as all 


bus specifications 
are met. 
The H068230 
CLK pin has the 


same specifications 
as the HD68000 
CLK, and must not be 


gated off at any time. 


The follow~ 
signals generate n~a1 
read and write cycles 


to the PI/T: 
CS (Chip Select), 
R/W (Read/Write). 
RSI-RS5 


(five Register Select bits), Do-D, (the 8-bit bidirectional 
data 


bus), and JTI'AO{ 
(Data Transfer Acknowledge). 
To generate 


interrupt 
acknowledge 
cycles pc. /PIACK 
or PC, /TIACK is 


used instead of CS, and the Register Select pins are ignored. 
No combination 
of the following pins may be asserted simul- 


taneously: CS, PlACK, or TIACK. 


• 
Read Cycles 
Via Chip Select 
This category 
includes 
all register 
reads, 
except 
port 
or 


timer 
interrupt 
acknowledge 
cycles. 
When 
CS is asserted, 


the 
Register 
Select 
and 
R/W inputs 
are latched 
internally. 


They must meet small setup and hold time requirements 
with 


respect to the asserted edge of CS. (See the AC ELECTRICAL 
CHARACTERISTICS 
table.) The PI/T is not protected 
against 


aborted (shortened) 
bus cycles generated 
by an Address Error 
or Bus Error exception in which it is addressed. 


Certain operations 
triggered by normal read (or write) bus 


cycles are not complete 
within 
the time allotted 
to the bus 


cycle. 
On example is transfers 
to/from 
the double-buffered 


latches 
that 
occur as a result of the bus cycle. 
If the bus 


master's 
CLK is significantly faster than the PI/T's 
the possi- 


bility exists that, follOWing the bus cycle, CS can be negated 
then re-asserted before completion of these internal operations. 
In this situation the PI/T does not recognize the re-assertion of 
CS until 
these operations 
are complete. 
Only at that 
time 


does it b.=g,inthe internal sequencing necessary to react to the 
asserted CS. Since ~ 
also controls the l:5TACK response, this 


"bus cycle recovery time" can be related to the CLK edge on 
which DTACJ{ is asserted for that cycle. The PI/T will recog- 
nize the subsequent assertion of CS three (3) CLK periods after 
the CLK edge on which DTACK was previously asserted. 


The Register Select and R/'W inputs pass through an internal 


latch that is transparent 
when the PI/T can recognize a new CS 


pulse (see above paragraph). 
Since the internal data bus of the 


PI/T is continuously 
enabled for read transfers, the read access 


time (to the data bus buffers) begins when the Register Selects 
are stabilized internally. 
Also, when the PI/T is ready to begin 


a new bus cycle, the assertion of CS enables the data bus buffers 
within a short propagation 
delay. 
This does not contribute 
to 


the overall read access time unless CS is asserted significantly 
after the Register Select and R/W inputs are stabilized (as may 
occur with synchronous bus microprocessors). 


. In addition 
to Chip Select's previously mentioned 
duties, it 


controls the assertion of DTACK and latching of read data at 
the data bus interface. 
Except 
for controlling 
input 
latches 


and enablin.!..the data bus buffers, all of these functions occur 
only after CS has been recognized internally and synchronized 
with the internal clock. 
Chip Select is recognized on the falling 


edge of the CLK if the setup time is met, DTACK is asserted 
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(low) on the next falling edge of the CLK. Read data is latched 
at the PI/T's 
data bus interface at the same time DTACK is 
asserted. 
It is stable as long as Chip Select remains asserted 
independent 
of other external conditions. 


From 
the above discussion it is clear that if the CS setup 
time prior to the falling edge of the CLK is met, the PIIT can 
consistently 
respond 
to a new read or write bus cycle every 
four (4) CLK cycles. 
This fact is especially useful in desig'C1 
the PI/T's clock in synchronous 
bus systems not using DTA 
. 
(An extra 
CLK period 
is required 
in interrupt 
acknowledge 


cycles, see Read Cycles via Interrupt Acknowledge.) 
In 
asynchronous 
bus 
systems 
in which 
the 
PIIT's 
CLK 
differs from that of the bus master, generally there is no way to 
guarantee 
that 
the 
CS setup 
time with respect 
to the 
PIIT 
CLK is met. 
Thus, the only way to determine 
that the PIIT 
recognized the assertion of CS is to wait for the assertion of 
DTACK. 
In this situation, 
all latched bus inputs to the PIIT 
must be held stable until DTACK is asserted. 
These include 
Register Select, Rfii, and write data inputs (see below). 
System 
specifications 
impose a maximum 
delay from the 
trailing (negated) 
edge of Chip Select to the negated edge of 
DTACK. 
As system speeds increase this becomes more dif- 


ficult to meet with a simple pullup resistor tied to the DTACK 
line. 
Therefore, 
the 
PIIT 
provides an internal 
active pullup 
device to reduce 
the 
rise time, 
and a level-sensitive circuit 


that later turns this device off. 
DTACK is negated asynchro- 
nously 
as fast as possible follOWing the rising edge of Chip 
Select, then three-stated 
to avoid interference 
with the next 
bus cycle. 


The system designer must take care that DTACK is negated 
and three-stated 
quickly enough after each bus cycle to avoid 
interference 
with the next one. 
With the HD68000 this neces· 
sitates a relatively fast external path from the data strobe to 
CS going negated. 


• 
Write Cycles 


. 
In many ways write cycles are similar to normal read cycles 
(see above). 
On write cycles, data at the Do·D, 
pins must 
me~ 
the same setup specifications 
as the Register Select and 
R/W lines. 
Like 
these signals, write data is latched 
on the 
asserted edge of CS, and must meet small setup and hold time 
requirements 
with respect 
to that edge. 
The same bus cycle 
recovery conditions 
exist as for normal read cycles. No other 
differences exist. 


• 
Read Cycles 
Via Interrupt 
Acknowledge 
Special 
internal 
operations 
take 
place on 
PIIT 
interrupt 
acknowledge 
cycles. 
The Port 
Interrupt 
Vector 
Register or 
the Timer Interrupt 
Vector 
Register arj imp~itly 
addressed 
by the assertIOn of pc./mrR 
or PC, TIAC 
• respectively. 


The signals are first synchronized 
with the falling edge of the 
CLK. 
One clock period after they are recognized the data bus 
buffers 
are enabled 
and 
the 
vector is driven onto 
the bus. 


DTACK is asserted after 
another 
clock period 
to allow the 
vector some setup time prior to DTACK.DTACK is negated, 
then 
three-stated 
as with normal read or write cycle, when 
PlACK or TIACK is negated. 
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DATA 
& ADDRESS 


BUS 
INTERFACE 


A,-A23 


~ 
i:DS 


UDS 
RiW 


DTATI 


00-07 


00-07 


A,-As 
PAo., 


RSI-RS5 


A6-A23 
PBo., 


ADDRESS 
CS 
HD68230 
DECODER 
PlfT 
Hl 


R/W 
H2 


H3 


DMAREO 
(PC.) 
H4 


+5V 
PC2 
(TIN) 


PC, 
PCo 


l5'TAO( 
PiRO 
TOUT 
RESET 


PCs) (PC3) 
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• 
RESTRICTION 
ON HD68230 
USAGE 


The parallel interface/timer 
(PI/T) exhibits an anomaly du- 


ring interrupt 
acknowledge (lACK) cycles for certain configura- 


tions of the part. 
If the PI/T is configured to have only one 


interrupt 
source (either 
the port or the timer), 
and pins 36 


(PC./PIACK) 
and 37 (PC./TIACK) 
are both low during lACK 


cycles, an incorrect 
vector number will be placed on the data 
bus 
and 
the 
interrupt 
vector 
register corresponding 
to the 


lACK cycles will be changed. 


Specifically, if: 


the PI/T is programmed 
to generate a vectored timer inter- 


~.e., 
pin 33 is programmed 
as TOUT and pin 37 as 


TIACK), and pin 36 is programmed to be a general.purpose 
input or output that is low during TIACK cycles. 
or if 
the PI/T is programmed 
to generate a vectored port inter- 


rupt 
(i.e., pin 35 is programmed 
as PIRQ and pin 36 as 
PlACK), and pin 37 is programm~e 
a general-purpose 


input or output that is low during PlACK cycles, 
then, 
during 
lACK cycles, the 
PI/T will misinterpret 
the 
low 


signals present on pins 36 and 37 as simultaneously asserted 


PlACK and TIACK signals, which is an illegal condition. 


There is both a hardware 
solution and a software solution for 
this anomaly: 


Hardware: 
Insure that whichever of the two pins not program· 
med as an lACK input will be high during lACK 
cycles. 
For example, if pin 37 is used as TIACK 


and pin 36 is programmed 
as a pc. input, 
force 
pin 36 high whenever pin 37 is low. 
This can be 
accomplished 
with either 
a pullup 
resistor or ex· 


temallogic. 


Software: 
If only timer interrupts 
are to be used, initialize 
the 
PIVR with $FC and select a vector number 
for the 
TNR 
that 
has the two least significant 


bits clear (i.e., 
binary 
xxxxxxOO). 
If only port 


interrupts 
are to be used, initialize the TNR 
with 
$FF and select any vector number 
for the PNR. 


Note that this anomaly will not arise if the PI/T interrupts 
are 


autovectored 
(since no lACK signal will be required) or if the 
PI/T is programmed 
to accept both port and timer interrupt 


acknowledges (since external lACK logic will insure that pins 
36 and 37 are never low simultaneously). 
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HD6331 
0-------- 
5- DPRAM (Smart Dual Port RAM) 


-ADVANCE 
INFORMATION- 


The H063310 
(S·DPRAM) is a high intelligent 
DPRAM, 
which provide a communication 
path between multiprocessor 
systems. 


The HD63310 has 1024 x 8 bit RAM, 62 x 8 bit registers 
and individual dual I/O ports. 
The dual ports perform read/ 
write operations independently 
and simultaneously. 
User can select one of the two mode (DPRAM or FIFO 


mode) by the program. This architecture 
makes it possible to 
communicate efficiently according to applications. 


• FEATURES 
• 
2 independent 
asynchronous 
bus operation 
Address/Data 


bus configurable as multiplexed or non-multiplexed bus. 
• 
Dual port large scale data buffer space 
• 
Dual port RAM mode: 1024 byte 
• 
FIFO mode: 2 FIFOs for 1024 byte 
• 
62 internal registers 
Semaphore 
registers 
which 
support 
multi-processing 
(8 bit) 
32 registers which user can use freely 
• 
Access Time 
150 ns/200 ns 
• 
Low power consumption 
2 I'm full CMOS circuit 


Type No. 


HD63310P·15 
HD63310P-20 


Access Time 
150 ns 


200 ns 


A,(A) 
2 


A,(A) 


A,(A) 


A,(A) 


A.(A) 


A.(A) 


A.(A)(A.(A)!FRo;(A» 


A,( A)(A.(A)/FRO,(A» 


A,(A)(AS(A)/ 
- 
) 


AS(A) 
II 


ADS(A) 


WAS (A) 
13 


AEAOY(A) 
Ie 


IAO(A) 
IS 
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RDS(A) 
WRSfA) 
RSlA) 


Rl5S (B) 
W!lS(B) 
RS 
(B) 


~A)" 
FRQ,IA)" 


FROOIB)" 
FRQ, (B)" 


Conttol 
Register 
(A) 


Control 
Register 
(B) 


V-becoder 
Sense-AMP 
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HD63450 
Direct Memory Access Controller (CMOS) 


The HD63450 
is the CMOS Direct Memory 
Access Controller 


(DMAC). 
It 
is upward 
compatible 
with 
the 
NMOS 
DMAC 


HD68450. 


In 
addition 
to the 
NMOS 
DMAC 
HD68450 
features, 
the 
HD63450 
performs 
one or several blocks of data transfer 
(Oper- 
and; byte, word, or long word) between memory 
and peripheral 
device at high speed. The block transfer 
restart operation 
is pro- 
vided (Multi-Block 
Transfer 
with DONE Mode). The number of 


operands in a block is determined 
by a transfer 
count. 
The power dissipation 
is lowered by the CMOS process. 


• 
FEATURES 
• HD68000 
Bus Compatible 


• 4 independent 
DMA Channels with Programmable 
Priority 
• Memory-to-Memory, 
Memory-to-Device, 
Device-to-Memory 
Transfers 


• Programmable 
8-Bit or 16-Bit 1/0 Device Types 
• Auto-Request 
and External-Request 
Transer Modes 
• Interface 
Lines for Requesting, 
Acknowledging, 
and Inciden- 
tal Control 
of the Peripheral Devices 


• Block Transfer Operation 
In Single-Block: 
• Unchaining 
Transfer 
In Multi-Block: 
• Continue 
Mode Transfer 
• Array-Chaining 
and Linked-Array- 


Chaining Transfers 
• Multi-810ck 
Transfer with DONE 
• 68000 
Bus Exception 
Processing 
Support 
• 2 Vectored 
Interrupts 
for each Channel 


• Variable System 
Bus Bandwidth 
Rate Utilization 
• Fast Transfer Rates: Up to 5.0 Mbytes/sec. 
at 10.0 HMz 
• CMOS + 5 Volts Operation 


HD63450-S, 
HD63450- 
10, 


HD63450-12 


HD63450Y 
-S, 


HD63450Y 
-10, 


HD63450Y-12 


HD63450P-S, 
HD63450P- 
10, 


HD63450P- 
12 


111111,!1'1,'11"""" 


:111111!ll 


• 
a 
.' 


HD63450PS-S, 
HD63450PS- 
10, 


HD63450PS- 
12 


HD6345OCP-S, 
HD6345OCP- 10, 
HD6345OCP- 12 


Type No. 
Bus Timing 
Packaging 


HD63450-8 
8MHz 
DC-64 
HD63450-10 
10MHz 


HD63450Y-8 
8MHz 
PGA-68 
HD63450Y-10 
10MHz 


HD63450P-8 
8MHz 
DP-64 
HD63450P-10 
10MHz 


HD63450PS-8 
8MHz 
DP-64S 
HD63450PS-10 
10MHz 


HD6345OCP-8 
8MHz 


CP-68 
HD6345OCP-10 
10MHz 
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• 
PIN ARRANGEMENT 
• HD63450, 
HD63450P, 
HD63450PS 


llEQ,'O 
lll5fA" 


R£Q, 
i51mii 
RRl. , 
Hmrn 
REllO 
• 
, OAS 
I'"CG 
OWN 
I'"CG 0 
l!R" 


PCL, 
BG 


tsCIO 
A, 


ifGACi< 
9 
A2 


Ole, 
A3 


DTACK 
1\ 
A4 


UDS 
12 
As 


LOS 
1 
As 
AS' 
1 Vcc 
RtW 
1 
A1 


VS$ 
1 
Vss 


cs 
1 
As /00 


Vcc 
1 
Ag /0, 


eLK 
1 
Al0/D2 


lACK 
All/OJ 


i'RQ 
21 
Au/D. 


i5CiN< 
AulD, 


ACK3 2 
A,./Ds 


ACK2 
I A15/D1 


A"C"'i<'l2 
AIS/Ds 


ACKo 
26 
3 
Al7/D9 


BEC2 
7 
38 A,B/D,o 
BEC, 
8 
J7 A,a/On 


BECo 
A20/D12 


FC2 
A21/D13 


Fe, 
31 
All/DI. 


FC, ~2'L 
F An/D,s 


BGACK, 
DTC" 
DTACK, 
UDS, 
LOS' 
AS' 
R;W' 
y~~, 
N&' 


CS' 
Vcc 
....c.I.K21 
lACK, 


IRQ 
DONE' 
ACK, 
ACK, , 


Pin 
No. 
FunctIOn 
Pin No. 
FunctiOn 
PI" 
No. 
functIOn 
Pin 
No. 
FunctIOn 


I 
N/C 
" 
I'lT. 
3S 
A,tlOIl 
52 
= 
, 
Au/Ol 
,. 
= 
,. 
Ap/O, 
" 
= 
, 
"lI/D) 
20 
= 
37 
AulD, 
54 
Y" 


• 
"lolD: 
21 
AS 
38 
Au/D. 
S> 
yO' 


S 
""Do 
22 
'1'11 
,. 
A,/O, 
5. 
DON' 
• 
A, 
23 
N/C 
'0 
Yu 
" 


11lQ 
, 
A. 
" 
es- 
" 
yO' 
50 
ACK; 


• 
A, 
25 
CLK 
" 
A. 
5. 
BEe; 


• 
A, 
26 
Jro< 
" 
A, 
60 
1m< 


10 
N/C 
27 
m<i 
.. 
.G 
61 
FCo 


11 
lllf 
,. 
ro<i 
" 
llIVli 
62 
A:I/Oll 


12 
1m" 
29 
BEl:; 
•• 
IlIIl'i'T£ 
63 
A,t/o,o 


13 
llm< 
30 
FC, 
" 
""'" 
.. 
"1110- 
.. 
Jmli 
31 
FC, 
•• 
Jmli 
65 
"1.0/0. 


15 
Jmli 
32 
An/Dl5 
•• 
l'CG" 
50 
A, 


16 
If£QO 
33 
AldOl. 
50 
I'Cl:O 
67 
= 
17 
l'CG" 
,.. 
AlGID" 
" 
N/C 
•• 
rnr. 


N/C 


59 A2 


A3 
A4 
A5 
A6 


54 Vcc 


A7 
, Vss 


51 A./Do 
A./D, 
• Alo/D, 
48 A11/D3 
, 
A12/D. 
• AlS/D5 
• A ••/D. 
•• AlS/D, 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc' 
-0.3-+7.0 
V 


Input Voltage 
Vm· 
-0.3-Vcc+0.3 
V 


Operating 
Temperature 
Range 
To", 
0-+70 
'C 


Storage Temperature 
Tsts 
-55-+150 
'C 


'With respectto Vss(SYSTEM GND) 
(NOTE) 
Permanent LSI damage may occur if maximum ratings are exceeded 
Normal operation should be under recommended operating conditions. 


If these 
conditions 
are 
exceeded, 
it could 
affect 
reliability 
of lSI. 


Item 
Symbol 
min 
typ 
max 
Unit 


Supply Voltage 
Vcc' 
4.75 
5.0 
5.25 
V 


VtH· 
2.0 
Vcc 
V 


Input Voltage 
Vll· 
-0.3 
0.8 
V 


Operating Temperature 
To", 
0 
25 
70 
'C 


• 
ELECTRICAL CHARACTERISTICS 


eDC CHARACTERISTICS (Vcc=5V±5%. 
Vss=OV. T.=O-+70·C. 
unless otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Input "High" 
Voltage 
V,H 
2.0 
Vcc 
V 


Input "low" 
Voltage 
Vil 
Vss-0.3 
0.8 
V 


CS; lACK, lffi; 
ClK, 


Input leakage 
Current 
BrCO-BECz 
I,n 
10 
pA 


REQo-REQ3 


A,-A],Do-D,s/As-Az3, 


Three-State 
(Off State) 
As. DDS; [!)S, 
R/W, lJAS; 


DTACK, BGACK, OWN, DiG; 
IrSI 
10 
pA 
Input Current 
HIBYTE, DDIR, 
DBEN, 


FCo-FCz, 
PClo-PCL3 


Open Drain (Off State) 
iRQ",DONE 
1001 
20 
pA 
Input Current 


A,-A],Do-D,s/As-Az3, 
As. DDS; [!)S, 
R/W, lJAS; 


Output "High" 
Voltage 
DTACK, BGACK; IDl, OWN, 
VOH 
IOH=-400pA 
2A 
V 
DiG; 
HIBYTE, DDIR, DBEN, 


ACKo-ACK3, 
PCLo-PCl3, 


FCo-FCz 


A,-A], 
FCo-FCz 
Val 
IOl=3.2mA 
0.5 


Do-D,s/As-Az3, 
As. DDS; 


[!)S, 
R/W, DTACK, IDl, 


Output "low" 
Voltage 
OWN, DiG; 
F!lBY'fE, DDiR, 
Val 
IOl=5.3mA 
0.5 
V 


DBEN, ACKo-ACK3, 
lJAS; 


PCLo-PCl3, 
~ 


TRQ: DONE 
Val 
IOl=8.9mA 
0.5 


Power Dissipation 
Po 
f=8MHz, 
Vcc=5.0V 
250 
400 
mW 
T.=25·C 


Capacitance 
Cin 
V,n=OV 
15 
pF 
T.=25·C, 
f=lMHz 
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r 130pF 
130pFI 
6.0kO 
152074'8 


0' 
EQuivalent 


Do-Dls/As-An 
AS. UDS,lDS. 


RtW. omK. 
ID1.OWN. tm:. 


Hili'VT'£. rmm, lmm. 
AC"R'O-AClG. 


UAS. PClo-PCl3. 
'8"GAEK 


Figure 1 
Test Loads 


eAC 
ELECTRICAL SPECIFICATIONS 
(Vcc= 5V::!:5%. Vss=OV, 
T.=O-+70"C, 
unless otherwise noted.) 


8MHz 
10MHz 


No. 
Item 
Symbol 
Test 
Version 
Version 
Unit 
Condition 
min 
max 
min 
max 


Frequency 01 Operation 
1 
4.0 
8.0 
4.0 
10.0 
MHz 


1 
Clock Period 
teyc 
125 
250 
100 
250 
ns 


2 
Clock Width Low 
tCl 
55 
125 
45 
125 
ns 


3 
Clock Width High 
tCH 
55 
125 
45 
125 
ns 


4 
Clock Fall Time 
tCf 
10 
10 
ns 


5 
Clock Rise Time 
tc. 
10 
10 
ns 


6 
Asynchronous Input Setup Time 
tASI 
20 
15 
ns 


7 
Data in to DBEN Low 
tOIDBl 
0 
0 
ns 


8 
rlTACK Low to Data Invalid 
tOllOI 
0 
0 
ns 


9 
Address in to AS in Low 
tAlASL 
0 
0 
ns 


10 
AS. l>S in High to Address in Invalid 
tSIHAIV 
0 
0 
ns 


lOA 
OS in High to CS High 
tOSHCSH 
1.0 
1.0 
clltper. 


11 
Clock High to lmTR Low 
tCHDRL 
70 
60 
ns 


12 
Clock High to r>IDlf High 
tCHDRH 
70 
60 
ns 


13 
OS in High to lmTR High Impedance 
Figurel 
120 
110 
tOSHDRZ 
. ns 


14 
Clock Low to mlm Low 
tClDBL 
70 
60 
ns 


Clock Low to D!lEff High 
- 
15 
tCLDBH 
70 
60 
ns 


16 
OS in High to D!lEff High Impedance 
tOSHDBZ 
120 
110 
ns 


17 
Clock High to Data Out Valid (MPU read) 
Figure8 
180 
160 
tCHDVM 
ns 


18 
OS in High to Data Out Invalid 
tOSHDZn 
0 
0 
ns 


19 
OS in High to Data High Impedance 
tOSHDZ 
120 
110 
ns 


20 
Clock Low to rlTACK Low 
tClOTl 
70 
60 
ns 


21 
m; in High to rlTACK High 
tOSHDTH 
110 
110 
ns 


22 
rlTACKWidth 
High 
tOTH 
10 
10 
ns 


23 
m; in High to rlTACK High Impedance 
tOSHDTZ 
180 
160 
ns 


24 
rlTACK Low to ns-in High 
tOTLOSH 
0 
0 
ns 


25 
JlEll Width Low 
tREQl 
2.0 
2.0 
clltper. 


26 
JlEll Low to m< Low 
tRElBRL 
250 
200 
ns 


27 
Clock High to IDf Low 
tCHBRl 
70 
60 
ns 


28 
Clock High to IDfHigh 
tCHBRH 
70 
60 
ns 


29 
1m Low to BGACK Low 
tBGLBL 
4.5 
4.5 
clltper. 


30 
BR Low to MPU Cycle End (AS in High) 
tBRLASH 
0 
0 
ns 
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mln 
max 
min 
max 


31 
MPU Cycle End (AS"in High) to IlGACK Low 
tASHBl 
4.5 
5.5 
4.5 
5.5 
clltpor. 


32 
ll£lJ Low to BGACK Low 
tREQLBl 
6.5 
6.5 
clltpor. 


33 
Clock High to ~ 
Low 
tCHBL 
70 
60 
ns 


34 
Clock High to IlGACK High 
tCHBH 
70 
60 
ns 


35 
Clock Low to BGACK High Impedance 
tCLOZ 
80 
70 
ns 


36 
Clock High to FC Valid 
tCHFCV 
100 
90 
ns 


37 
Clock High to Address Valid 
tCHAV 
120 
110 
ns 


38 
Clock High to Address/FC/Data High Impedance 
tCHAZx 
100 
100 
ns 


39 
Clock High to Address/FC/Data 
Invalid 
tCHAZn 
0 
0 
ns 


40 
Clock Low to Address High Impedance 
tCLAl 
100 
90 
ns 


41 
Clock High to 1JAS'Low 
tCHUL 
70 
60 
ns 


42 
Clock High to 1JAS'High 
tCHUH 
70 
60 
ns 


43 
Clock Low to 1JAS'High Impedance 
tcLUZ 
80 
70 
ns 


44 
1JAS'High to Address Invalid 
tUHAI 
30 
20 
ns 


45 
Clock High to AS",ns- Low 
tCHSL 
60 
55 
ns 


46 
Clock Low to ns-Low (write) 
tCLDSl 
60 
55 
ns 


47 
Clock Low to AS",OS-High 
tClSH 
70 
60 
ns 


48 
Clock Low to AS",OS-High Impedance 
tClSZ 
80 
70 
ns 


49 
AS"Width Low 
tASl 
255 
195 
ns 


50 
l5S Width Low 
tOSl 
190 
145 
ns 


51 
AS: l5S Width High 
tSH 
150 
105 
ns 


52 
Address/FC Valid to AS",ns-Low 


Figure1 
30 
20 
tAVSl 
ns 


53 
AS".l5S High to Address/FC/Data 
Invalid 
tSHAZ 
30 
20 
ns 
- 
54 
Clock High to R/W Low 
tCHRl 
70 
60 
ns 


55 
Clock High to R/W High 
tCHRH 
70 
60 
ns 


56 
Clock Low to R/W High Impedance 
FigureS 
80 
70 
tClRZ 
ns 


57 
Address/FC Valid to R/W Low 
tAvRL 
20 
10 
ns 


58 
R/W Low to l5S Low (write) 
tRlSl 
120 
90 
ns 


59 
l5S High to R/W High 
tSHRH 
40 
20 
ns 


60 
Clock Low to OWN Low 
tCLOL 
70 
60 
ns 


61 
Clock Low to OWN High 
tCLOH 
70 
60 
ns 


62 
Clock High to OWN High Inpedance 
tCHOZ 
80 
70 
ns 


63 
OWN Low to IlGACK Low 
tOlBl 
30 
20 
ns 


64 
IlGACK High to OWN High 
tBHOH 
30 
20 
ns 


65 
OWN Low to 1JAS'Low 
tOlUL 
30 
20 
ns 


66 
Clock High to ~ 
Low 
tCHACl 
70 
60 
ns 


67 
Clock Low to ~ 
Low 
tCLACL 
70 
60 
ns 


68 
Clock High to ~ 
High 
tCHACH 
70 
60 
ns 


69 
~ 
Low to ns-Low 
tACLDSl 
100 
80 
ns 


70 
l5S High to ~ 
High 
tOSHACH 
30 
20 
ns 


71 
Clock High to Rl1l"I"1TLow 
tCHHll 
70 
60 
ns 


72 
Clock Low to ~ 
Low 
tClHll 
70 
60 
ns 


73 
Clock High to Rl1l"I"1THigh 
tCHHIH 
70 
60 
ns 


74 
Clock Low to ~ 
High Impedance 
tClHIZ 
80 
70 
ns 


75 
Clock High to ~ 
Low 
tCHOTl 
70 
60 
ns 


76 
Clock High to ~ 
High 
tCHDTH 
70 
60 
ns 
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8MHz 
10MHz 


No. 
Item 
Symbol 
Test 
Version 
Version 
Unit 
Condition 
min 
max 
min 
max 


17 
Clock Low to 0Tc- High Impedance 
tCLDTZ 
80 
70 
ns 


78 
0Tc- Width Low 
tOTCL 
105 
80 
ns 


79 
0Tc- Low to ns- High 
tOTLOH 
30 
20 
ns 


80 
Clock High to lmNt 
Low 
tCHOOL 
70 
60 
ns 


81 
Clock Low to lmNt 
Low 
tCLOOL 
70 
60 
ns 


82 
Clock High to ~ 
High 
tCHOOH 
130 
120 
ns 


83 
Clock Low to rmrFfHigh 
Impedance 
tCLDRZ 
80 
70 
ns 


84 
Clock Low to l5llr1if High Impedance 
tcwez 
80 
70 
ns 


85 
rmrFf Low to l5llr1if Low 
tORlDBl 
30 
20 
ns 


86 
DBDf High to rmrFf High 
tOBHORH 
30 
20 
ns 


87 
DBDf Low to Address/Data High Impedance 
tOBlAZ 
17 
17 
ns 


88 
Clock Low to J5CLLow (1/8 clock) 
tClPl 
70 
60 
ns 


89 
Clock Low to J5CLHigh (1/8 clock) 
tClPH 
Figure1 
70 
60 
ns 


90 
PClWidth 
Low (1/8 clock) 
tPCll 
4.0 
4.0 
clltper. 


91 
I5TACK Low to Data In (setup time) 
tOAlDI 
- 
150 
115 
ns 


92 
US High to Data Invalid (hold time) 
tSHDI 
0 
0 
ns 


93 
US High to OTACK High 
tSHDAH 
FigureS 
0 
120 
0 
90 
ns 


94 
Data Out Valid to ns-Low 
tOOSL 
0 
0 
ns 


95 
Data In to Clock Low (setup time) 
tOICl 
15 
15 
ns 


96 
ere 
Low to ~ 
Low 
tSECDAl 
50 
50 
ns 


97 
ereWidth 
Low 
tSECl 
2.0 
2.0 
dltper. 


98 
Clock High to i"lllY Low 
tCHIRl 
70 
60 
ns 


99 
Clock High to i"lllY High 
tCHIRH 
130 
120 
ns 


100 
R£A15VIn to 0Tc- Low (Read) 
tRALDTL 
145 
120 
ns 


101 
REAl5Vln to ns-Low (Write) 
tRAlDSl 
205 
170 
ns 


102 
OS High to ~ 
High 
tOSHRAH 
0 
120 
0 
90 
ns 


103 
iXlNr In Low to l:lTACK Low 
tOOlDAL 
50 
50 
ns 


104 
US High to !roI'lE" In High 
tOSHDOH 
0 
120 
0 
90 
ns 


105 
Asynchronous Input Hold Time 
tASIH 
15 
15 
ns 
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elK 


BGACK 


FCo-FC2 


14.1-14.1 


14.,/00- 
A23jDu 


Data 
In 


UAS 


AS 


lDS 


Rm 


OWN 


DDIA 


DBEN 


HIBYTE 


ClACK 


DTe 


AeK 


peL" 
S 
~ 


BEe'" 


• Data are latched at the end of clock 7. This timing 
is the same as HD68000 . 
• _This timing 
is not related to DMA 
Read/Write 
(Dual Cycle) sequence. This timing 
is only applicable when 1/8 
clock pulse mode is selected . 


• •• 
This timing 
is applicable when a bus exception occurs. 
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HD63450 


ClK 


Al-A7 


XDO-XOll 


UAS 


AS 


UDS 


lDS 


Rffl 


OWN 
low 


HIBYTE 


High 


OTACK 


DONE IN 


ACKo 


ACK. 


DTC 


ClK 


(NOTES for Figure 3 through 
8) 
1) 
Setup time for the asynchronous 
inputs BG: ~ 
~ 
~ 
~ 
D"D"S;"["[)S; 
and R/Wguarantees 
their recognition 
at the next falling 
edge of the clock. 


Setup time for BtCO-~ 
JrrQO~ 
'J5'C[O-'j5"C"[i 
~ 
and l5'ONE guarantees 
their recognition 
at the next rising 
edge of the clock. 


2) 
Timing 
measurements 
are referred to and from a low voltage 
of 0.8 volts and a high voltage 
of 2.0 volts. 


3) 
These waveforms 
should only be referred in regard to the edge-to-edge measurement of the timing 
specifications. 
They are not intended as a functional 
description 
of the input and output signals. Refer to other functional 
descriptions 
and their related diagrams 
for device operation. 


~HITACHI 


Hitachi America ltd .• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


• 
INTRODUCTION 
The main purpose of a direct memory 
access (DMA) controller 
is 
to perform 
memory·to·memory, 
device·to·memory, 
and memory· 
to·device data 
transfers 
at high speed. The DMAC is required 
in 
any 
system 
including 
the device 
for data 
input/output 
like 
a 
floppy disk, a hard disk, a display 
terminal 
etc .. 


Figure 
9 illustrates 
a typical 
system 
configuration 
using 
the 
DMAC. 
In 
this 
figure, 
the 
DMAC 
transfers 
blocks 
of 
data 
between 
the HOC and memory 
in a quick and efficient 
manner. 


Memory·to·memory 
data transfer 
is also provided 
by using data 
registers 
in the 
DMAC. 
Both 8·bit and 
16·bit I/O 
devices 
are 
supportable. 
8·/16·/32·bit 
data can be accessed 
in the DMA data 
transfer. 


OWN 


AB/Do- 
A23/D,s 


UAS 


HD63450 
DMAC 


• 
OPERATION MODES 


The 
HD63450 
DMAC 
operates 
through 
the 
MPU's 
writing 


operation 
into the internal 
control 
registers, 
then the DMAC will 
be in one of three operating 
modes: 
I) 
MPU mode 
This is the state that the DMAC is chip-selected 
by another 


bus master 
in the system 
(MPU etc.), or that 
it is asserting 


the vector 
number during 
the interrupt 
acknowledge 
cycle. 


2) 
DMA mode 
This is the state that the DMAC is acting as a bus master 
to 


perform 
an operand 
transfer. 
The DMA bllS cycle refers 
to 


the bus cycle that 
is executed 
by the DMAC 
in the DMA 


mode. 
3) 
IDLE mode 
This 
is the stat~ 
that 
the 
DMAC 
is reset 
by an external 


device. The DMAC is waiting 
for an access 
by MPU or an 


operand 
transfer 
request 
from a peripheral. 
Many of the bus 


control 
signals are three· stated. 


1.5640 
Bi- 
directional 
Buffer 
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• 
SIGNAL DESCRIPTION 


In this 
data 
sheet, 
the state 
of the 
signals 
is described 
with 


"active/inactive" 
or "assert/negate". 


Figure 
10 illustrates 
the input and output signals. 
Each function 


is described 
in the following. 


Ae-A2l/ 
00-015 
REOo 


A,-A1 
ACKo 
PCLo 
CS 
AS 


LDS 
REO, 
DDS 
ACK, 


R/W 
pell 


DTACK 


BR 
REa2 
!lG 
HD63450 
ACK2 


BGACK 
DMAC 
PCl2 


nm 
REal 


TACK 
ACK3 
peL] 
OWN 
iJAS 


HIBYTE 


DBEN 


DDIR 
DONE 


BEeo 
BEe; 
BEe, 
DTC 


FC. 


FC, 


FC, 


e Address/Data 
Bus (AI/Do throulh 
A.l/D ••) 
I 
Input/Output 
Three-statable 
I 


These lines are time multiplexed 
for address 
and data bus. The 


lines m, rrnm DAS and OWN are 
used to control 
the 


demultiplexing 
of 
the 
data 
and 
address 
lines 
externally. 


Demultiplexing 
is 
explained 
in 
the 
later 
section. 
The 
bi- 
directional 
data 
bus is used to transfer 
data 
between 
DMAC, 
MPU, memory 
and I/O devices. 
Address 
lines are outputs to address 
memory 
and I/O devices. 


eAddress 
Bus (At throulh 
A7) 
I 
Input/Output 
Three-statable 
I 


In the MPU mode, the DMAC internal 
registers 
are accessed 


with 
these 
lines 
and ms: UN. The 
address 
map 
for 
these 
registers 
is shown in Table 1. During a DMA bus cycle, A,-A, are 


outputs 
containing 
the low order 
address 
bits 
of the 
location 


being accessed. 


eFunction 
Code (FCo throulh 
FC.) 
I 
Output 
Three-statable 
I 


These 
output 
signals 
provide 
the function 
codes during 
DMA 
bus cycles. They are three-stated 
except 
in the DMA bus cycles. 
They are used to control the HD68000 
memories. 


e Clock (CLK) 
I 
Input 
I 


This is the input clock to the HD63450, and should never 
be 
terminated 
at any time. 
This 
clock 
can be different 
from 
the 
MPU clock since HD63450 operates 
completely 
asynchronously. 


eChip 
Select 
(~) 
I 
Input 


This input signal is used to chip select the DMAC in "MPU" 


mode. If the IT input 
is asserted 
during 
a bus cycle 
which 
is 
generated 
by the DMAC, the DMAC internally 
terminates 
the bus 
cycle and signals 
an address 
error. 
This 
function 
protects 
the 


DMAC from accessing 
its own register. 


e Address 
Strobe 
(~) 
I 
Input/Output 
Three-statable 


In the 
"MPU 
mode", 
this 
line 
is an input 
indicating 
valid 


address 
input, 
and during 
the DMA bus cycle 
it is an output 


indicating 
valid address 
output 
from the DMAC on the address 


bus. 


The DMAC monitors 
these input lines during bus arbitration 
to 


determine 
the completion 
of the bus cycle by the MPU or other 


bus masters. 


e Upper Address 
Strobe 
(~) 
I 
Output 
Three-statable 


This line is an output 
to latch the upper address 
lines on the 


multiplexed 
data/address 
lines. [t is three-stated 
except 
in the 
"DMA mode". 


eOwn 
(OWN) 
I 
Output 
Three-statable 
I 


This line is asserted 
by the DMAC during DMA mode, and is 


used to control the output of the address line latch. This line may 
also 
be used to control 
the direction 
of bi-directional 
buffers 


when loads on AS",ms: UN, 
R/Wand 
other signals exceed 
the 


drive capability. 
It is three-stated 
in the "MPU 
mode" 
and the 
"IDLE mode". 


e Data Direction 
(DDIIl) 
I 
Output 
Three-statable 


This 
line controls 
the 
direction 
of data 
through 
the 
bi-di- 


rectional 
buffer which is used to demultiplex 
the data/address 


lines. It is three-stated 
during the "IDLE mode". 


e Data Bus Enable 
(DBEN) 
I 
Output 
Three-statable 


This 
line 
controls 
the 
output 
enable 
line 
of bi-directional 


buffers 
on the multiplexed 
data/address 
lines. It is three-stated 


during the "IDLE mode". 


e Hilh 
Byte (Hflffft) 
I 
Output 
Three-statable 
I 


This line is used when the operand 
size is byte 
in the single 
addressing 
mode. It is asserted 
when data is present 
on the upper 


eight bits of the data 
bus. It is used to control 
the 
output 
of 


bidirectional 
buffers 
which connects 
the upper eight bits of the 


data bus with the lower eight bits. It is three-stated 
during 
the 
"MPU mode" and the "IDLE mode". 
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e Read/Write 
(R/W) 
I 
Input/Output 
Three-statable 


This line is an input during 
the "MPU 
mode" 
and an output 
during 
the 
"DMA 
mode". 
It is three-stated 
during 
the 
"IDLE 
mode". It is used to control 
the direction 
of data 
flow. 


e Upper Data Strobe (UoS), 
Lower Data Strobe (LOS) 
I 
Input/Output 
Three-statable 
I 


These lines are extensions 
of the address lines indicating 
which 
byte or bytes of data of the addressed 
word are being addressed. 
These 
lines combined 
corresponds 
to address 
line A. in table 
1. 


e Data Transfer Acknowledge (DfACK) 
I 
Input/Output 
Three-statable 
I 


In the 
"MPU 
mode", 
this 
line 
is an 
output 
indicating 
the 
completion 
of Read/Write 
bus cycle by the MPU. 


In the "DMA mode", the DMAC monitors 
this line to determine 
when 
a data 
transfer 
has completed. 
In the event 
that 
a bus 
exception 
is requested, 
except 
for HAIT, prior to or concurrent 


with 
DT ACK, 
the 
~ 
response 
is ignored 
and 
the 
bus 


exception 
is honored. 
In the "IDLE mode", 
this signal 
is three· 


stated. 


e Bus Exception Controls (DECo through BEc.) 
I 
Input 


These 
lines 
provide 
an encoded 
signal 
input 
indicating 
an 


exceptional 
condition 
in the DMA bus cycle. See bus exception 


section 
for details. 


e Bus Request (BR) 
I 
Output 
I 


This output 
line is used to request 
ownership 
of the bus by the 
DMAC. 


eBus Grant (1m) 


I 
Input 
I 


This line is used to indicate 
to the DMAC that 
it is to be the 


next bus master. 
The DMAC cannot 
assume bus ownership 
until 


both AS and BGACK become inactive. Once the DMAC acquires 
the bus, it dose not continue 
to monitor 
the l3G"input. 


eBus Grant Acknowledge (BGACK) 
I 
Input/Output 
Three-statable 
I 


Bus Grant 
Acknowledge 
(BGACK) is a bi-directional 
control 
line. As an output, 
it is generated 
by the DMAC to indicate 
that 
it is the bus master. 


As an input, BGACK is monitored 
by the DMAC, 
in limited 
rate auto-request 
mode, to determine 
whether 
or not the current 
bus master 
is a DMA device or not. BGACK is also monitored 
during bus arbitration 
in order to assume 
bus ownership. 


elnterru pt Request (IRQ) 
I 
Output 
Open drain 


This line is used to request 
an interrupt 
to the MPU. 


e'nterru 
pt Acknowledge (lACK) 
I 
Input 


This line is an input to the DMAC indicating 
that the current 


bus cycle is an interrupt 
acknowledge 
cycle by the MPU. 
The 


DMAC responds 
the 
interrupt 
vector 
of the 
channel 
with 
the 


highest 
priority 
requesting 
an interrupt. 
There 
are two kinds of 


the interrupt 
vectors 
for each channel: 
normal 
(NIV) or error 


(EIV). IACK is not serviced 
if the DMAC has not generated 
IRQ". 


eChannel 
Request (REQOthrough RtQi) 


I 
Input 


These 
lines 
are 
the 
DMA 
transfer 
request 
inputs 


peripheral 
devices. 


These 
lines are falling edge sensitive 
inputs when the request 


mode is cycle steal. They are low-level sensitive when the request 
mode is burst. 


I 
from 
the 


eChannel 
Acknowledge (~through 
ACKi) 
I 
Output 
I 


These lines indicate to the I/O device requesting 
a transfer 
that 


the request 
is acknowledged 
and the transfer 
is to be performed. 


These 
lines may be used as a part 
of the enable 
circuit 
for bus 


interface 
to the peripheral. 


e Peripheral Control Line (J>C[O through PCL3) 
I 
Input/Output 
Three-statable 


The 
four 
lines (PCLo-PCt,) 
are 
multi-purpose 
lines 
which 


may 
be individually 
programmed 
to be a START 
output, 
an 


Enable 
Clock 
input, 
a 
READY 
input, 
an 
ABORT 
input, 
a 


STATUS 
input, or an INTERRUPT 
input. 


RE'h. ACK;, 
and PCL, 
are provided 
for each channel. 


eDone 
(DONE) 
I 
Input/Output 
Open Drain 
I 


As an output, 
this line is asserted 
concurrently 
with the ACKx 


timing to indicate 
the last data transfer 
to the peripheral 
device. 


As an input, it allows the peripheral 
device to request 
a normal 


termination 
of the DMA transfer. 


e Device Transfer Complete (DfC) 
I 
Output 
Three-statable 
I 


This line is asserted 
when the DMA bus cycle has terminated 


normally 
with no exceptions. 
It may be used to supply the data 


latch timing to the peripheral 
device. In this case, data is valid at 
the falling edge of DTC. 
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• INTERNALORGANIZATION 
The DMAC has four independent DMA channels. Each channel 
has its own set of channel registers. These registers define and 
control 
the activity 
of the DMAC in processing 
a channel 


operation. 


"" ... 
StatU11t 
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" 
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I 
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I 
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&'seAclclrn,R'I1$11r 


(ctll) 
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,""", 


(SCIl) 
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""" 
([1''1) ....•.. 
(CPA) 


(MFe) 


(Of e) 


(8fe) 


(MTel 


(8TC) 
,.•..•, 


(OAR) 
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• Reaister Oraanizatlon 
The internal 
register 
addresses are represented 
in Table 
1. 


Address space not used within the address map is reserved for 
future expansion. A read from an unused location in the map 
results in a normal bus cycle with all ones for data. A write to 
one of these locations results in a normal bus cycle but no write 
occurs. 


Register 
Address Bits 
Mode 
76543210 
Channel Status Register 
ccOOOOOO 
R/W' 
Channel Error Register 
ccOOOOOl 
R 
Device Control Register 
ccOO0100 
R/W 
Operation Control Register 
ccOO0101 
R/W 
Sequence Control Register 
ccOO0110 
R/W 
Channel Control Register 
ccOO0111 
R/W 
Memory Transfer Counter 
cc00101b 
R/W 
Memory Address Register 
cc0011ss 
R/W 
Device Address Register 
cc0101ss 
R/W 
Base Transfer Counter 
cc01101b 
R/W 
Base Address Register 
cc0111ss 
R/W 
Normal Interrupt Vector 
cc100101 
R/W 
Error Interrupt Vector 
cc100111 
R/W 
Channel Priority Register 
cc101101 
R/W 
Memory Function Codes 
cc101001 
R/W 
Device Function Codes 
cc110001 
R/W 
Base Function Codes 
cc111001 
R/W 
General Control Register 
11111111 
R/W 
cc: 
55: 
b: 
OQ·Channel 
10 
OQ-High-order 
Q.High·order 
OI·Channel 
II 
OI·Upper 
middle 
I-Low-order 
IO-Channel 
12 
1C-Lower 
middle 
ll-Channel 
13 
II-Low-order 


-see Channel Status Register section in page 17 


• Device Control Reaister 
(OCR) 
The OCR is a device oriented control register. The XRM bits 
specify whether the channel is in burst or cycle steal request 
mode. The DTYP bits define what type of device is on the 
channel. If the DTYP bits are programmed to be a HMCS6800 
device, the PCL definition is ignored and the PeL line is an 
Enable clock input. If the DTYP bits are programmed to be a 
device with READY, the PCL definition is ignored and the PeL 
line is a READY input. The DPS bit defines the port size (eight 
or sixteen bits) of the peripheral device. (A port size is the largest 
data which the peripheral device can transfer during a DMA bus 
cycle.) The PCL bits define the function of the PeL line. If the 
DTYP bits are programmed to be HMCS6800 device, or Device 
with ACK and IffiAr)V, these definitions are ignored. The XRM 
bits are ignored if an auto· request mode (REQG=OO or 01 in 
Operation Control Register) is selected. 


7 
6 
5 
432 
0 


__ 
X_R_M 
__ 
-_D_T_Y_p 
__ 
~I__-P-C_L 
_ 
___< 


XRM (EXTERNAL REQUEST MODE) 
00 
Burst Transfer Mode 
01 
(undefined, reserved) 


10 
Cycle Steal Mode without Hold 
11 
Cycle Steal Mode with Hold 


DTYP (DEVICE TYPE) 
00 
HD68000compatible device, explicitly addressed 
(dual addressing mode) 
01 
HD6800compatible device, explicitly addressed 
(dual addressing mode) 
10 
Device with ACK, implicitly addressed 
(single addressing mode) 
11 
Device with ACK and READY, implicitly addressed 
(single addressing mode) 


DPS 
(DEVICE PORT SIZE) 
o 
8 bit port 
1 
16 bit port 


PCL 
(PERIPHERAL CONTROL LINE) 
00 
Status Input 
01 Status Input with Interrupt 
10 1/8 Start Pulse 
11 Abort Input 


Bit 2 Not Used 


• Operation Control Reaister 
(OCR) 
The OCR is an operation control register. The DIR bit defines the 
direction of the transfer. The BTD bit defines the execution of 
the multi·block transfer with DUNE. The SIZE bits define the 
size of the operand. The CHAIN bits define the type of the 
CHAIN mode. The REQG bits define how requests for transfers 
are generated. 


76 
5 
4 
3 
210 


~ 
S_IZ_E 
C_HA_I_N 
R_E_Q_G_~ 


DIR 
(DIRECTION) 
o 
Transfer from memory to device 
(transfer from MAR address to DAR address) 
Transfer from device to memory 
(transfer from DAR address to MAR address) 
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BTD 
(MULTI BLOCK TRANSFER WITH OONE MODE) 
o 
Terminates 
channel operation after the current DMA 
bus cycle completion 
Restarts next block transfer after the current DMA bus 
cycle completion 


See Page 47 Note 2 for details 


SIZE 
(OPERAND SIZE) 
00 
Byte (8 bits) 


01 
Word (16 bits) 


10 
Long Word (32 bits) 


11 
Byte Transfer without Packing 
(Port size: 8 bits) 


CHAIN (CHAINING OPERATION) 


00 
Chain operation is disabled 
01 
(undefined, reserved) 
10 
Array Chaining 
11 
Linked Array Chaining 


REQG (DMA REQUEST GENERATION METHOD) 
00 
Auto·request at transfer rate limited by General Control 
Register (Limited Rate Auto·Request) 
01 
Auto·request at maximum rate 
10 
ROO line requests an operand transfer 
11 
Auto·request 
the first operand, external 
request 
for 


subsequent operands 


See Page 47 Note 2 for details 


• Sequence Control Register (SCR) 
The SCR is used to define the sequencing of memory and device 
addresses. 


7654 
3 
210 


~ 
__ 
M_A_C 
D_A_C_~ 


MAC 
00 
01 
10 
11 


(MEMORY ADDRESS COUNT) 
Memory address register does not count 
Memory address register counts up 
Memory address register counts down 
(undefined, reserved) 


DAC 
00 
01 
10 
11 


(DEVICE ADDRESS COUNT) 
Device address register does not count 
Device address register counts up 
Device address register counts down 
(undefined, reserved) 


• Channel Control Register (CCR) 
The CCR is used to start or terminate the operation of a channel. 
This register also determines if an interrupt request is to be 
generated. Setting the STR bit causes immediate activation 
of 


the 
channel; the 
channel 
will be ready 
to accept 
request 
immediately. The STR and CNT bits of the register cannot be 
reset by a write to the register. The SAB bit is used to terminate 
the operation forcedly. Setting the SAB bit will reset STR and 
CNT. Setting the HLT bit will halt the channel operation, and 
clearing the HLT bit will resume the operation. Setting start bit 
must be done by byte access. Otherwise, timing error occurs. 


STR 
(START OPERATION) 


o 
No operation is pending 
1 
Start operation 


CNT (CONTINUE OPERATION) 
o 
No continuation is pending 
1 
Continue operation 


HLT (HALT OPERATION) 


o 
Operation not halted 
1 
Operation halted 


SAB (SOFTWARE ABORT) 
o 
Channel operatjon not aborted 
1 
Abort channel operation 


INT 
(INTERRUPT ENABLE) 
o 
No interrupts enabled 
1 
Interrupts enabled 


Bits 2, 1, 0 Not Used 


• Channel Status Register (CSR) 
The CSR is a register containing the status of the channel. 


COC (CHANNEL OPERATION COMPLETE) 


o 
Channel operation incomplete 


1 
Channel operation complete 


BTC 
(BLOCK TRANSFER COMPLETE) 


o 
Block transfer incomplete 
1 
Block transfer complete 


NDT 
(NORMAL DEVICE TERMINATION) 


o 
No normal device termination by OONE input 


1 
Device terminated operation normally by OONE input 


ERR 
(ERROR BIT) 


o 
No errors 
1 
Error as coded in CER 


ACT 
(CHANNEL ACTIVE) 
o 
Channel not active 


1 
Channel active 


DIT 
(OONEINPUT 
TRANSITION) 


o 
No OONE input transition occurred 
1 
OONE input transition occurred when BTD bit is set 


PCT 
(PCLTRANSITION) 


o 
No PCL transition occurred 
1 
PCL transition occurred 


PCS 
(THE STATE OF THE PCLINPUT 
LINE) 


o 
PCL"Low" 


1 
PLL"High" 
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• Channel Error Relister 
(CER) 
The CER is an error 
condition 
status 
register. 
The 
ERR bit of 


CSR indicates 
if there 
is an error 
or not. Bits 0·4 indicate 
what 
type of error 
has occurred. 


7654 
3 
2 
1 
0 


~ 
•... 
E_R_R_O_R_C_O_D_E _ 


Error 
Code 
00000 
No error 
00001 
Configuration 
error 
00010 
Operation 
timing 
error 
00101 
Address 
error 
in MAR 
00110 
Address 
error 
in DAR 
00111 
Address 
error 
in BAR 
01001 
Bus error 
in MAR 


01010 
Bus error 
in DAR 


01011 
Bus error 
in BAR 


01101 
Count error 
in MTC 
01111 
Count error 
in BTC 
10000 
External 
abort 


10001 
Software 
abort 


• Channel Priority 
Relister 
(CPR) 


The 
CPR 
is used 
to define 
the 
priority 
level 
of the 
channel. 


Priority 
level 0 is the highest 
and priority 
level 3 is the lowest 
priority. 


CP 
(CHANNEL 
PRIORITY) 


00 
Priority 
level 0 


01 
Priority 
level 1 


10 
Priority 
level 2 
11 
Priority 
level 3 


• General Control Relister 
(GCR) 


The 
GCR is used to define 
what 
portion 
of the 
bus cycles 
is 
available 
to the DMAC for limited rate auto· request 
generation. 
GCR is also used to specify the hold time for cycle steal 
mode 
with hold. 


7 
6 
543 
2 
0 


~ 
__ 
B_T 
__ 
~ 
__ BR__ 


BT (BURST 
TIME) 


The 
number 
of DMA clock 
cycles 
per burst 
that 
the 
DMAC 
allows 
in the 
auto·request 
at 
a 
limited 
rate 
of 
transfer 
is 
controlled 
by these two bits. The number 
is 2'BTH)(two to the BT 
+4 power). 


BT 
Clock Cycle 


00 
16 Clocks 


01 
32 Clocks 


10 
64 Clocks 


11 
128 Clocks 


BR (BANDWIDTH 
RATIO) 
The amount 
of the bandwidth 
utilized 
by the auto· request 
at a 


limited rate transfer 
is controlled 
by these two bits. The ratio 
is 
2'BR+"(two to the BR + 1 power). 


BR 
Bandwidth 
Ratio 


00 
50.00% 


01 
25.00% 


10 
12.50% 


11 
6.25% 


The hold time 
for cycle steal mode with hold is defined 
to be 


minimum 
of 
1 sample 
interval 
and 
maximum 
of 
2 sample 


intervals. 
A sample 
interval 
is defined to be 2'BHBR+5)(two to the 


BT + BR + 5 power) clock cycles. 


• Address Relisters 
(MAR, DAR, BAR) 
Three 
32·bit 
registers 
are 
utilized 
to implement 
the 
Memory 


Address Register, 
Device Address Register, 
and the Base Address 


Register. 
Only 
the 
least 
significant 
twenty·four 
bits 
are 
con· 


nected 
to the address 
output 
pins. The 
content 
of the MAR 
is 
outputted 
when 
the memory 
is accessed 
in single 
or dual 
ad- 


dressing 
mode. The 
content 
of the DAR is outputted 
when 
the 


peripheral 
device 
is accessed. 
The 
contents 
of 
the 
BAR 
is 


outputted 
when reading 
chain 
information 
from memory 
in the 


Array 
Chaining 
Mode or the Linked Array 
Chaining 
Mode. It is 


also used to set the top address 
of the next 
block 
transfer 
in 
Continue 
mode. 


• Function Code Relisters 
(MFC, DFC, BFC) 
The 
DMAC has three 
function 
code register 
per channel: 
the 


Memory 
Function 
Code Register 
(MFC), Device 
Function 
Code 


Register 
(DFC), and the Base Function 
Code Register 
(BFC). The 
contents 
of these registers 
are outputted 
from FC, through 
FC, 


lines when an address 
is outputted 
from MAR. 
DAR, or BAR, 


respectively. 
The 
BFC 
is also 
used 
to set 
the 
MFC 
for 
the 


transfer 
of the next data 
block in the Continue 
mode. 


• Transfer Count Relisters 
(MTC, BTC) 
Each 
channel 
has 
two 
16-bit counters: 
the 
Memory 
Transfer 


Counter 
(MTC) and the Base Transfer 
Counter 
(BTC). The MTC 


counts 
the number 
of transfer 
words 
in one block, 
and 
is de- 
creased 
by one for every operand 
transfer. 


The BTC is used to count the number of data blocks in the Array 
Chaining 
Mode. BTC is also used to set the number 
of operands 


to transfer 
for the next data 
block 
in the Continue 
Mode. 


• Interrupt Vector Relisters 
(NIV, EIV) 
Each 
channel 
has a Normal 
Interrupt 
Vector 
register 
and 
an 


Error 
Interrupt 
Vector 
register. 


When an interrupt 
acknowledge 
cycle occurs, an interrupt 
vector 
is outputted 
from one of those registers. 
If the error 
bit (CSR) is 
set for the channel with interrupt 
pending, then content 
of EIV is 
outputted, 
otherwise 
content 
of NIV is outputted. 


@HITACHI 


Hitachi America ltd .• 
2210 O'Toole Avenue 
• 
San Jose, 
CA 95131 
• (408) 435-8300 


A DMAC 
channel 
operation 
proceeds 
in three 
principal 
phases. 
During 
the initialization 
phase. the MPU sets the channel 
control 


registers, 
supplies 
the initial 
address 
and the number 
of transfer 
words, 
and 
starts 
the 
channel. 
During 
the 
tranfer 
phase, 
the 
DMAC accepts 
requests 
for data 
operand 
transfers, 
and provides 
addressing 
and bus controls 
for the trasnfers. 
The 
termination 
phase 
occurs 
after 
the operation 
is completed. 


This 
section 
describes 
DMAC 
operations. 
A description 
of the 
MPU/DMAC 
communication 
is given 
first. 
Next, 
the 
transfer 
phase 
is covered. 
including 
how the DMAC 
recognizes 
requests 
and how the DMAC 
arranges 
for data 
transfer. 
Following 
this, 


the 
initialization 
phase 
is described. 
The 
termination 
phase 
is 
covered, 
introducing 
chaining, 
error 
signaling, 
and 
bus 
excep' 
tions. A description 
of the channel 
priority 
scheme 
rounds 
out the 


.READ/WRITE 
OF THE DMAC REGISTERS BY MPU 
The 
MPU 
reads 
and 
writes 
the 
DMAC 
internal 
registers 
and 
controls 
the DMA 
transfer. 


Figure 
12 indicates 
the timing 
diagram 
when the MPU 
reads 
the 


contents 
of the DMAC 
register. 
The 
MPU 
outputs 
A,·A", 
FC.· 


Fe" i'3. R/W, lJlJS", and rus; and accesses 
the DMAC 
internal 


register. 
The specific 
internal 
register 
is selected 
by A,·A" 
IJ)5" 


and lJlJS". The cs- and lACK lines are generated 
by the external 


circuit 
with A,·A" 
and FCo·FC,. The DMAC outputs 
data 
on the 


data 
bus, together 
with IJilll(, UIlIDif and DT ACK. 
The IIDIR' 


and r>BrN control 
the bi·directional 
buffer 
on the bus and 
the 


D'l'ACK 
indicates 
that 
the data 
has been sent or received 
by the 


DMAC. 
Read 
Cycle 
is eighteen 
CLKs. 


A,-A23 
------. 
FCo-FC2 
~_« 
_ 


AS 
~ 
•••• 
qr,. _ 


CS 
~ 
•••• 
••• 
~ 
••• 
_ 


UDS 
~ 
r--w. 
_ 


LDS 
~. 
'---' 
••• 
_ 


DDIR 
~. 
__ • 


As/Do-A23/D,5 


XDo-XD,5 
(External 
system 
data 
bus) 


---_ 
...--«< 
»>----- 


------------i_r 
}_»... ----- 
Rr'--- 
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A, -A23 
FCo-FC2 


AS 
~ 
_ 


CS 


A./Do-A23/D,5 


XDo-XD,5 
(External System Data Bus) 


DTACK 


(1) The clock reference shown in this figure is the DMAC input 
clock. 
(2) 
The m and the DBEN are three·stated at the beginning 
which detects cs- and the ending of the cycle. 
(3) 
During the MPU read cycle, the DTACK is asserted after the 
data is valid on the system bus. 
(4) During the MPU write cycle, the DDiR line will be driven 
low to direct the data buffers toward to DMAC before the 
buffers are enabled. 


(5) 
During t)le MPU write cycle, the DMAC will latch the data 
before asserting mar Then it will negate DBEN and 
DDIR in the proper order. 


(6) After the MPU cycle and the LOs- and the lJi>S" are negated 


by the MPU, the DMAC will put DJ:lEN; DDIR and the 
address data lines to a high impedance state. 
(7) DTACK will once go "High" and then to a high impedance 
state after negating I:I>s- and '[JIjS". 


.BUS 
ARBITRATION 


The followings are the description of the bus arbitration. 
The 
DMAC must obtain the ownership of the bus in order to transfer 
data. Figure 14 indicates the DMAC bus arbitration timing. It is 
completely compatible with that of HD68000MPU. The DMAC 
asserts the Bus Grant (EG) to request the bus mastership. The 


ell 
(68000 output) 


OWN 


BGACK 


BUS 
Cycle 


ACK 
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MPU recognizes 
the request 
and asserts 
EG, then it grants 
the 
ownership 
in the next bus cycle. After the end of the current 
cycle 
(AS"is negated), 
the MPU relinquishes 
the bus to the DMAC. The 
DMAC asserts 
the bus grant 
acknowledge 
(BGACK) to indicate 
that 
it has the bus ownership. 
A half clock 
before 
BGACK 
is 
asserted, 
the DMAC asserts 
OWN. OWN 
is kept asserted 
for a 
half clock after BGACJ[is 
negated 
at the end of the DMA cycle. 


BR is negated 
one clock after 
BGACK is asserted. 


.DEVICE/DMAC 
COMMUNICATION 


Communication 
between 
peripheral 
devices 
and 
the 
DMAC 
is 
accomodated 
by five signal 
lines. Each channel 
has REQ, ACK 
and PeL, 
and the last two lines, the ~ 
and ~lines, 
are 
shared 
among 
the four channels. 


• Request 
(REQ) 
The peripheral 
devices assert REQ"to request data transfers. 
See 
the "Requests" 
section 
for details. 


• Aeknowledae 
(ACJ() 
This 
line 
is used 
to 
implicitly 
address 
the 
device 
which 
is 
transferring 
the data 
(This 
device 
is not 
selected 
by address 
lines). It is also asserted 
when the content 
of DAR is outputted 
during 
memory· to-memory 
transfer 
except 
for the auto·request 
mode at a limited 
rate or at the maximum 
rate. 


• Peripheral 
Control 
Line (PeL) 
The function of this line is quite flexible and is determined 
by the 
OCR (Device Control 
Register). 


The DTYP 
bits of the DCR define what type of device 
is on the 
channel. 
If the DTYP 
bits are programmed 
to be a HMCS6800 
device, the PCL difinition 
is ignord and the PCLline 
is an Enable 
clock (E clock) input. If the DTYP 
bits are programmed 
to be a 
device with READY, the PCL definition 
is ignored 
and the l'CL 
line is a ready 
input. 


(1) PIT as a Status 
Input 


The l'CLline 
may be programmed 
as a status 
input. The status 
level of this line can be determined 
by the PCS bit in the CSR, 


regardless 
of the 
PCL function 
determined 
by the 
DCR. If a 
negative 
transition 
occurs and remains 
stable 
for a minimum 
of 
two docks, 
the PeT 
bit of the CSR is set. This PCT bit is cleared 
by resetting 
the DMAC or writing 
"I" to the PCT bit. 


(2) PIT as an Interrupt 
The l'CLline 
may be programmed 
to generate 
an interrupt 
on a 
negative 
transition. 
This enables 
an interrupt 
which is requested 


if the PCT bit of the CSR is set. When using this function, 
it is 
necessary 
to reset the PCT bit in the CSR before the PCL bit in 
the DCR is set to interrupt, 
in order to avoid assertion 
of IRQ line 
at this time. 


(3) PIT as a 1/8 
Starting 
Pulse 
The l'CLline 
may be programmed 
to output a 1/8 starting 
pulse. 
This 
active 
low starting 
pulse 
is outputted 
when 
a channel 
is 
activated, 
and is "Low" 
for a period of four clock 
cycles. 


(4) PIT as an Abort Input 
The PCL line may be programmed 
to be a negative 
transition 


abort input which terminates 
an operation 
by setting the external 


abort 
error 
in CER. It is necessary 
to reset 
the PCT bit in the 
CSR before activating 
the channel 
(Setting 
the ACT bit of CCR) 
so that the channel 
operation 
is not immediately 
aborted. 


(5) PIT as an Enable Clock (E Clock) Input 
If the DTYP bits are programmed 
to be a HMCS6800 device 
the 
PCL definition 
is ignored 
and the PCL line is an Enable 
ciock 
input. The Enable clock downtime 
must be as long as five clock 
cycles, and must be high for a minimum 
of three 
DMAC clock 


cycles, but need not be synchronous 
with the DMAC's 
clock. 


(6) 
J5Q as a READY Input 


If the DTYP 
bits are programmed 
to be a device with READY 
the PCL definition 
is ignored and the PCLline 
is a READY input: 


The READY is an active 
low input. 


• DONE (OON£) 
This line is an active low Input/Output 
signal with an open drain. 


It is asserted 
when the memory 
transfer 
count is exhausted 
in a 
single 
block 
transfer. 
In the chaining 
operation, 
DONE 
is as· 


serted only at the last transfer 
to the peripheral 
device of the last 
data block. In the continue 
mode, ~is 
asserted 
for each data 
block. It is asserted 
and negated 
in coincident 
with the ACK line 
for the 
last 
data 
transfer 
to the 
peripheral 
device. 
It 
is also 
outputted 
in coincident 
with the ACK line of the last bus cycle, in 
which the address 
is outputted 
from the DAR, in the memory-to· 


memory 
transfer- (dual addressing 
mode) that uses the ACK line. 


The DMAC also monitors 
the state of the DONEline 
during 
the 
DMA bus cycle. If the device asserts 
DONE during 
ACK active, 


the DMAC will terminate 
the operation 
after the transfer 
of the 
current 
operand. 
If DONE is asserted 
on the first byte of 2-byte 
operation 
or the first word of long word operation, 
the DMAC 
does 
not. terminate 
the 
operation 
before 
the 
whole 
operand 
transfer 
IS completed. 
If ~ 
is asserted 
then 
the 
DMAC 


terminates 
the operation 
by clearing 
the ACT bit of the CSR, and 
settmg the cae and NDT bits of the CSR. If both the DMAC and 
the device assert DONE; the device termination 
is not recognized, 


but the 
channel 
operation 
does terminate. 
DONE 
is outputted 
al1am for the retry exceptions 
bus cycles. 


The case that the multi· block transfer 
with ~ 
mode is set is 
described 
later. 


• Data Transfer 
Complete 
(D'I'C") 


DTC is an active 
low signal 
which is asserted 
when the actual 
dat.a transfer 
is acco,:"plished. 
It is also asserted 
in the bus cycle 
whIch read 
a cham 
mformation 
from memory 
in the Chaining 


mode. However, 
if exceptions 
are generated 
and the DMA bus 


cycle terminates, 
DTC is not asserted. 
DTC is asserted 
one half 
clock 
before 
LDS and 'tJr>S' are negated, 
and negated 
one half 
clock after IDS and TIDS' are negated. 


.REQUESTS 
Requests 
may 
be 
externally 
generated 
by 
circuitry 
in 
the 
periphe~al 
device, 
or internally 
generated 
by the 
auto· request 
mechamsm. 
The REQG bIts of the OCR determine 
these modes. 
The DMAC also supports 
an operation 
in which the DMAC auto- 
requests 
the 
first 
transfer 
and 
then 
waits 
for 
the 
peripheral 
deVice to request 
the following 
transfers. 


• Auto-request 
Transfers 


The. auto-request 
mechanism 
provides 
generation 
of requests 
wlthm the DMAC. These requests 
can be generated 
at either 
of 


two rates: 
maximum-rate 
and limited-rate. 
In the former 
case, 
the channel 
always 
has a request 
pending. 


Th~ li~ited 
rate 
auto-request 
functions 
by monitoring 
the bus 


utlhzatlOn. 


TIME- 


Previous 
Cllrrent 
Next 


Sample Interval 
Sample Interval 
Sample Interval 


lRAR 
I 


Interval 
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In the limited· rate auto· request, the DMAC devides time into 
equal length sample intervals by counting clock cycles. The end 
of one sample interval makes the beginning of the next. During a 
sample interval, the DMAC monitors, by means of B"GACK pin, 
the system bus activity of the DMAC and other bus master 
devices. At the end of the sample interval, decision is made 
whether or not to perform the channel's data transfer during the 
next sample interval. Namely, based on the activity of the DMAC 
or other bus master devices during the current sample interval, 
the DMAC allows limited·rate auto·requests 
for some initial 


portion of the next sample interval. 


The length of the sample interval, and the lenght of the limited· 
rate auto· request generation period (the limited· rate auto-request 
interval) are controlled by the BT and BR bits in the GCR. The 
length in clock cycles of the limited·rate auto·request interval is 
2'8TH'(2 raised to the BT+4 power). For example, if BT equals 
2 and the DMA utilization of the bus was low during the previous 
sample interval, 
then the DMAC generates 
the auto· request 
transfers during the first 64 clock cycles. 


The ratio of the length of the sample interval to the length of the 
limited·rate auto·request interval is controlled by the BR bits. 
The ratio of the system bus utilization of the MPU to other bus 
master devices including the DMAC is 2'8'+1)(2 raised to the BR 
+ 1 power). If the fraction of DMA clock cycles during the 
sample interval exceeds the programmed utilization level, the 
DMAC will not allow limited·rate auto-requests during the next 
sample interval. 


For example, if BR equals 3, then at most one out of 16 clock 
cycles during a sample interval can be used by the DMAC and 
other bus master devices, and still the DMAC would allow 


limited 
rate 
auto· request 
during 
the 
next 
sample 
interval. 


Therefore, from the viewpoint of long period, the ratio of the 
system bus utilization of the MPU to I/O devices including the 
DMAC is about 16: 1. The sample interval length is not a direct 
parameter, but it is equal to 2(8T+"+5)clock cycles. Thus, the 
sample interval can be programmed between 32 and 2048 clock 
cycles. 


The DMAC uses the m;ACK to differentiate between the MPU 
bus cycle and DMAC or other bus master devices. If ~ 
is 


active, then the DMAC assumes that the bus is used by a DMAC 
or other bus master devices. If it is inactive, then the DMAC 
assumes that it is used by the MPU. 


(2) Maximum·rate Auto·request 
If the REQG bits in the OCR indicate 
auto· request 
at the 
maximum rate, the DMAC acquires the bus after the start bit is 
set and keeps it until the data transfer is completed. 


If a request is made by another channel of higher priority, the 
DMAC services that channel and then resumes the auto· request 
sequence. If two or more channels are set to equal priority level 
and maximum rate auto· request, then the channels will rotate in 
a "round robbin" fashion. 


If the HMCS68000 compatible device is connected to a channel, 
the :ACK line is held inactive during an auto· request operation. 
Consequently, any channel may be used for the memory·to· 
memory transfer with the auto·request function in addition to the 
operation 
of data 
transfer 
between 
memory 
and peripheral 
device with using the REQ pin. Refer to Figure 15 for the timing 
of the memory·to·memory 
transfer. 
In this mode, the ACK, 
HIBYTE and DONE outputs are always inactive. 
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CLKIUUl 


REO 


BR 
BG 


BGACK 
BUS 
CYCLES 
_ 
----- 
ACK 
DTC 
_ 


CLKJU11l 


MPU cycle-t--Idle----DMC 
cycle ----MPU 
cycle--rDMA 
cycle-r--'dle 


or Idle 


• External 
Requests 
If the REQG bits of the OCR indicate that the REQ line generates 
requests, 
the 
transfer 
requests 
are 
generated 
externally. 
The 
request 
line associated 
with each channel 
allows 
the device 
to 
externally 
generate 
requests 
for DMA transfers. 
When the device 
wants an operand 
transferred, 
it makes a request 
by asserting 
the 
request 
line. The 
external 
request 
mode 
is determined 
by the 
XRM bits of the OCR, which allows both burst 
and cycle steal 


request 
modes. 
The 
burst 
request 
mode 
allows 
a channel 
to 


request 
the transfer 
of multiple 
operands 
using consecutive 
bus 
cycles. The cycle steal request 
mode allows a channel 
to request 


the 
transfer 
of 
a 
single 
operand. 
The 
followings 
are 
the 
description 
of the burst 
and the cycle steal 
modes. 


(1) Burst Request 
Recognition 


In the burst 
request 
mode, the REQ line is an active 
low input. 


The level sampled 
at the rising edge of the clock. Once the burst 


request is asserted, 
it needs to be held low until the first DMA bus 
cycle 
starts 
in 
order 
to 
insure 
at 
least 
one 
data 
transfer 


operation. 
In order 
to stop 
the burst 
mode 
transfer 
after 
the 
current 
bus cycle, 
the REQ line has 
to be negated 
one clock 
before the DTC output clock of this cycle. Refer to Figure 
16 or 


the burst 
mode timing. 


(2) 
Cycle Steal Request 
Recognition 


In the cycle steal request mode, the peripheral 
device requests 
the 


CLKJUUl 
REITbJ 


BR~ 


BG 
\ 
---- 
BGACK 
- 
••.•• 


BUS 
CYCLES 
ACK 


DTC-------_-- 


CLKJUUl 


DMA transfer 
by generating 
an falling edge at the IffiQ line. The 


REQ line needs to be held "low" for at least 2 clock cycles. In the 
cycle steal mode, if the REQ line changes 
from "High" 
to "Low" 


between 
ACK output and one clock before the clock that outputs 
me, 
then 
the 
next 
DMA 
transfer 
is 
performed 
without 


relinquishing 
the 
bus. 
If 
the 
bus 
is 
not 
relinquished, 
then 


maximum 
of 5 idle clocks 
is inserted 
between 
bus cycles. 


Refer to Figure 
17 for the request timing of the cycle steal mode. 
If the XRM bits specify cycle steal without 
hold, the DMAC will 


relinquish 
the bus. If the XRM bits specify cycle steal with hold, 


the DMAC will hold the bus and wait for the next REQ input for 
at least I sample interval 
after the current 
bus cycle completion. 
The allowable 
hold time is up to 2 sample 
intervals. 


Figure 
18 shows the request timing 
in the cycle steal bus hold. If 


the REQ is inputted 
during 
the hold time, the ACK is outputted 


after a maximum 
of 7.5 clock cycles from the picked·up 
clock.On 


the cycle steal with hold mode, the DMAC will hold the bus even 
when the transfer 
count is exhausted 
and the last data 
has been 


transferred. 
If DMA transfer 
is requested 
from 
other 
channel 


during this period, 
they are executed 
normally. 


(3) 
Request 
Recognition 
in Dual·address 
Transfers 


In a following 
section, 
dual·address 
transfers 
are defined. 
Dual 
address 
transfer 
is an exception 
to the request 
recognition 
rules 


----->-- 
---U 
".-- 
U- 
rulfl11Jl.JU1I 


MPU cycle-4--ldle-----DMA 
cycle----- 
MPU cycle--+--DMA 
cycle-- 


or Idle 
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CLKJUL 
REQ'--I 
BR--, 
--- 
BG----"' 
--- 


BGACK 
-_ 


BUS 
---"\ 
{ 
CYCLES__ 
---J 
. 
----- 
>- 


ACK 
\\ 
\\ 
------ 
0- 


DTC---" 
Urr------'U/ 


DONE 
_ 


CLKlln. 


MPU cycle--!--Idle----------- 


in the previous paragraphs. In the cycle steal request mode, when 
there are two or more transfers between the DMAC and the 
peripheral device during one operand transfer, the request is not 
recognized until the last transfer between the DMAC and the 1/ 
o device starts. 


• Mixed Request Generation 
A single channel can mix two request generation methods. By 
programming 
the REQG bits of the OCR to "n", when the 
channel is started, the DMAC auto-requests the first transfer. 
Subsequent requests are then generated externally by the device. 
The ACK and PeL lines perform their normal functions in this 
operation. 


.DATA 
TRANSFERS 


All DMAC data transfers are assumed to be between memory and 
the peripheral 
device. The word "memory" 
means a 16-bit 
HD68000 bus compatible device. By programming the DCR, the 
characteristics 
of the peripheral device may be assigned. Each 


channel can communicate using any of the following protocols. 


DTYP 
Device Type 


00 
HD68000 compatible device 
01 
HD6800 compatible device 


10 
Device with ACK 
n 
Device with ACK and READY 


} Dual Addressing 


} Single Addressing 


• Dual Addressina 
HD68000 and HD6800 compatible devices may be explicity ad- 
dressed. This means that before the peripheral transfers data, 


a data register within the device must be addressed. Because the 
address bus is used to address the peripheral, the data cannot be 
directly transferred 
to/from the memory because the memory 


also requires addressing. Instead, the data is transferred from the 
source to the DMAC and held in an internal DMAC holding 
register. A second bus transfer 
between the DMAC and the 


destination is then required to complete the operation. Because 
both the source and destination of the transfer 
are explicitey 


addressed, this protocol is called dual addressing. 


(1) HD68000 Compatible Device Transfers 
In this operation, when a request is received, the bus is obtained 
and the transfer 
is completed using the protocol as shown in 


Figures 19 and 20. Figures 21 through 24 show the transfer 
timings. Figures 21 and 24 show the operation when the memory 
is the source and the peripheral device is the destination. Figures 
22 and 23 show the transfer 
in the opposite direction. 
The 


peripheral device is a 16·bit device in Figures 21 and 22, and a 8- 
bit device in Figures 23 and 24. 


(21 HD6800 Compatible Device Transfers 
When a channel is programmed to perform HD6800 compatible 
transfers, the PCL line for that channel is defined as an Enable 
clock input. The DMAC performs data transfers between itself 
and the peripheral device using the HD6800 bus protocol, with the 
ACK output providing the VMA (valid memory address) signal. 
Figure 25 illustrates this protocol. Refer to Figure 26 for the read 
cycle timing and Figure 27 for the write cycle timing. In Figure 
26, the DMAC latches the data at the falling edge of clock 19, so a 
latch to hold the data is necessary as shown in the figure. 
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DMAC 
Address Device 
1) 
Set R/W to Read 
2) 
Place Address on A,-An 


3) 
Place Function Codes on FCo-FC, 


4) 
Assert Address Strobe (~) 


5) 
Assert 
Upper Data Strobe (ODS) 


and Lower Data Strobe ([OS) 
6) 
Assert Acknowledge 
OICK) 
, 


.f 
AcqUire Data 
1) 
Load Data 
into 
Holding 
Reg- 


ister 
2) 
Assert 
Device Transfer 
Com- 


plete (OTC) 
3) 
Negate DDS and CDS 
4) 
Negate As; APK~_K_a_n_d_DTC_T 
_ 


.• 
C 
Terminate 
ycle 
1) 
Remove Data from 
Do-D'5 


2) 
Negate DTACK 
I 


Prese~t Data 
1) 
Decode address 
2) 
Place Data on Do-DI5 


3) 
Assert Data Transfer 
Acknowledg\, 
(DTACK) 


~Start Next Cycle 


DMAC 
Address Device 
1) 
Place Address on A,-An 
2) 
Place Function Codes on FCo-FC, 
3) 
Assert Address Strobe (~) 
4) 
Set R/W to write 
5) 
Place Data on Do-D'5 


6) 
Assert Acknowledge (lICK) 
7) 
Assert Upper Data Strobe (DDS) 
and Lower Data Strobe (LOS) 


I 


Terminate 
Output Transfer 
1) 
Assert 
Device Transfer 
Com- 


plete (0fC) 
2) 
Negate DDS and [[)S 
3) 
Negate As; lICK and DTC 
4) 
Remove Data from 
Do-D'5 
5) 
Set R/W to Read 
'----------------------------------.-. 
Terminate 
Cylce 
1) 
Negate~ 


+ 
Accept Data 
1) 
Decode Address 
2) 
Store Data on Do-D'5 


3) 
Assert Data Transfer 
Acknowledge 
(DTACK) 
I 
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As/Do-A23/D15 


XDo-XD15 
(External 
System 
Data 
Bus) 


UAS 
AS 


UOS 


LOS 
A;W 


OWN 


DDIR 


OBEN 


HIBYTE 


OTACK 
~ 


OTC 


As/Do 
-Au/D15 


XDo-XD15 


{External 
System 
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Bus) 
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OWN 
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HIBYTE 


OTACK 


OTC 


ACK 


DONE 


CLK 


Write 
One 
Word 


To 
Device 


The 
Last 
Transfer 


Figure 21 
Dual Addressing 
Mode, Read/Write 
Cycle, 


Destination= 
16·bit Device, Word Operand 
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Figure 22 
Dual Addressing 
Mode, Read/Write 
Cycle, 


Source= 16·bit Device, Word Operand 
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Figure 23 
Dual Addressing 
Mode, Read/Write 
Cycle, 
Source=8-bit 
Device, Word Operand 
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Figure 24 
Dual Addressing 
Mode, Read/Write 
Cycle, 


De5tination=8-bit 
Device, Word Operand 
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Initiate Cycle 
1) 
Start a normal Read or Write 
Cycle 
2) 
Monitor Enable until it is low 
3) 
Assert Acknowledge (ACK) 
I 


Terminite 
Cycle 
1) 
The master waits until Enable 
goes low. (On a Read cycle the 
data is latched as clock goes 
low when DiG is asserted.) 
2) 
Assert 
Device Transfer 
Com' 
plete (DiG) 
3) 
Negate AS; Ul5"S: J:D"S", 
ACK 
aiidDTC ! 
Start Next Cycle 
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Figure 26 
Dual Addressing Mode, HD6800 Compatible Device, 


Read Cycle 
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Figure 
27 
Dual Addressing 
Mode, 
HD6800 
Compatible 
Device, 
Write Cycle 


(3) 
An Example 
of a Dual Address 
Transfer 


This scetion 
contains 
an example 
of a dual address 
transfer 
using 
Table 
2 of Dual·Address 
Sequencing. 
The 
transfer 
mode 
of this 
example 
is the following. 
1. 
Device 
Port 
size=8 
bits 
2. Operand 
size=Long 
Word 
(32 bits) 


3. 
Memory 
to Device 
Transfer 
4. 
Source 
(Memory) 
Counts 
up, Destination 
(Device) 
Counts 
Down 


(device) 
is done 
according 
to the 3rd row 
of Table 
2. Table 
3 


shows 
the data 
transfer 
sequence. 


The port size in Table 
2 is not related 
to the DPS bit of the DeR. 


The 
DPS defines 
the port size of the device 
only. The 
DPS is set 


to "0" in this example 
as the device 
port 
size is 8 bits. 


In this mode, 
a data 
transfer 
from 
the source 
(memory) 
is done 
according 
to the 6th row 
of Table 
2, since 
the port 
size 
of the 
memory 
is always 
16 bits. 
A data 
transfer 
to 
the 
destination 


The 
memory 
map 
of this 
example 
is shown 
in Table 
4. The 


operand 
consists 
of BYTE 
A through 
BYTE 
D in memory 
of 


Table 
4. Prior 
to the transfer, 
MAR and DAR are set to 00000012 


and 00000108 respectively. 
The operand 
is transferred 
to the 8-bit 
port device 
according 
to the order 
of transfer 
number 
in Table 
3. 


Row No. 
Port 
Size 
Operand 
Size 
Operand 
Operand 
Part 
Addresses 
Address 
Increment 


Part 
Size 
+ 
- 


1 
8 
BYTE 
BYTE 
A 
+2 
0 
2 


2 
8 
WORD 
BYTE 
A, A+2 
+4 
0 
4 


® 
8 
LONG 
BYTE 
A, A+2, 
A+4, 
A+6 
+8 
0 
-8 


'4 
'3 
'5 
'7 
'8 
'10 


4 
16 
BYTE 
PACK (BYTE 
A 
+P 
0 
-P 
or WORD)" 


5 
16 
WORD 
WORD 
A 
+2 
0 
2 


® 
16 
LONG 
WORD 
A, A+2 
+4 
'2 
'I 
'6 
'9 
0 
-4 
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Table 3 
An Example of a Data Transfer for One Operand 


SRC: Source (Memory), DST Destination (Device), HR: Holding Register (DMACInternal Reg.) 


Transfer 
Address 
Data Size 
OMACRegistersafter Transfer 
Comment 
No. 
Data Transfer 
Output 
on Bus 
MAR 
OAR 
- 
00000012 
0000010B 
Initial Register Setting 
0 
- 
- 


SRC~HR 
00000012 
WORD 
00000014 
0000010B 
Higher order 16 bits of operand is 
1 
'I 
'2 
fetched. 


~DST 
00000108 
BYTE 
00000014 
0000010A 
2 
HR 
'3 
'4 
Higher order 16 bits of operand is 
0000010A 
BYTE 
00000014 
OOOOOIOC 
transferred. 
3 
HR ~DST 
'5 
'4 
'10 


SRC~HR 
00000014 
WORD 
00000016 
OOOOOIOC 
Lowerorder 16 bits of operand is fetched. 
4 
'6 
'2 
'9 


5 
HR ~DST 
OOOOOIOC 
BYTE 
00000016 
0000010E 


'7 
'4 
Lower order 16 bits of operand is 
OOOOOIOE 
BYTE 
00000016 
00000110 
transferred. 
6 
HR ~DST 
'8 
'4 
'10 


6' 
- 
- 
- 
00000016 
00000110 
MAR,OARare pointing the next operand 
addresses when the transfer is complete. 


BYTEA 
'3 


BYTEB 


'5 
BYTEC 


'7 


BYTE0 


'8 


BYTEA 
BYTEB 


'I 
'I 
BYTEC 
BYTE0 


'6 
'6 


• Single Addressing Mode 
Implicitly addressed devices are peripheral devices selected not 
by address but by ACK They do not require addressing of data 
register during data transfer. Transfers 
between memory and 
these devices are controlled by the request/acknowledge 
pro· 
tocol. Such peripherals require only one bus cycle to transfer 
data, 
and the DMAC internal 
holding register 
is not used. 


Because only the memory is addressed during a data transfer and 
a transfer is done in only one bus cycle, this protocol is called 
single·addressing. 


(l) 
Device with ACK Transfers 


Under this protocol, 
the communication 
between 
peripheral 


device and the DMAC is performed with a two signal REQ/ACK 
handshake. 
When a request 
is generated 
using the 
request 


method programmed in the DMAC's internal control registers, 
the DMAC obtains the bus and responds with ACK. The DMAC 
asserts all the bus control signals required 
for the memory 
access. Refer to Figure 28 for the flowchart of the data transfer 
from memory to the device with ACK 
Figure 29 shows the 
flowchart of the data transfer from the device with ACK to 
memory. Receiving the transfer request, the DMAC obtains the 
bus. Then the DMAC outputs the memory address and asserts 


Destination (Device) 


ACK to inform the I/O device that the transfer request has been 
acknowledged. When the DMAC accepts IYrACK from memory, 
it asserts D1'C and informs the peripheral device of the transfer 
termination. 


Figures 30 and 31 show the transfer timings of the device with 
ACK": the port size for the former figure is 8·bit and the latter is 
16-bit respectively. 


When the transfer is from memory to a device, data is valid when 
rJ'1'AQ( is asserted and remains valid until the data strobes are 
negated. The assertion of D1'C from the DMAC may be used to 
latch the data as data strobes are not negated half clock period 
after the assertion of mc: 


When the transfer is from device to memory, data must be valid on 
the 
HD68000 
bus 
before 
the 
DMAC 
asserts 
the 
data 
strobes. The data strobes are asserted one clock period after 
ACK"is asserted. When the DMAC obtains the bus and starts a 
DMA cycle, the three·state of the OWN line is cancelled a half 
clock earlier than other control lines. If the DMA Cycle ter- 
minates and the DMAC relinquishes the bus, all the control 
signals get three-stated a half clock before OWN. The DmR and 
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DBEJlllines are not asserted in the single addressing mode. Four· 
clock cycle is the smallest bus cycle for the transfer 
from 


memory to device. Five·clock cycle is the smallest bus cycle for 
the transfer from device to memory. If the device port size is 
8bits, either ~ 
or TIJ')S" is asserted. In the single addressing 


mode, A./D,- A,,/D15 are outputted for only one and a half clock 
from the beginning of the DMA bus cycle. Therefore, 
A./D, 


through A,,/D15 need to be latched externally just like in the dual 
addressing mode. 


DMAC 


Address Memory 
1) 
Set R/W to Read 


2) 
Place Address on Al-A2' 
3) 
Place Function Codes on FCo-FC2 
4) 
Assert Address Strobe (AS) 


5) 
Assert Upper Data Strobe (ODS) and 
Lower Data Strobe ([OS) 
6) 
Assert ACknoWlf 
••d_g_e_(_ACi(_K_) 
_ 


prese~t Data 
1) 
Decode Address 
2) 
Place Data on Do-DI5 


3) 
Assert 
Data 
Transfer 
(DTACK) 


ACqUirtData 
1) 
Load Data 


I 
f 
Terminate Transfer 


1) 
Assert DeviceTransfer Complete (OIC) 


2) 
Negate DDS and J:DS 


3) 
Negate As; A"CKand D'i'c- 
, 


Terminlte Cycle 
1) 
Negate DTACK 
, 


DMAC 


Address Memory 
1) 
Place Address on AI-A" 
2) 
Place Function Codes on FCo-FC2 
3) 
Assert Address Strobe (AS) 
4) 
Set R/W to Write 


5) 
Assert Acknowledge (A"CK) 
I 


1 


Enable Data 
1) 
Assert Upper Data Strobe (UDS) and 
Lower Data Strobe (J:DS) 


I 


Presest ~ata 


1) 
Place Data on Do-DI5 


I 


. t 
Terminate Transfer 
1) 
Assert Device Transfer Complete 
(D'i'c-) 
2) 
Negate DDS and J:DS 
3) 
Negate As; A"CK 
••~_a_n_d_D'i'c-_T 
t 


Terminate Cycle 


1) 
Negate DTACK 
, 


AcceJt Data 
1) 
Decode address 


2) 
Load Data 


3) 
Assert 
Data 
Transfer 
Acknowledge 
(OTACR) 
I 
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Figure 30 
Single Addressing 
Mode with 8-Bit Devices as 
Source and Destination 
(Read-Write Cycles) 
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Figure 31 
Single Addressing 
Mode with 16-bit Devices as 


Source and Destination 
(Read-Write Cycles) 
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(2) Device with ACK and READYTransfers 
Under this protocol, 
the communication 
between 
peripheral 


device and the DMAC is performed using a three signal Iffi(J/ 
ACJ[jR"EAW handshake. The ~ 
input to the DMAC is 
provided by the PCLline. The READY line is active low. When 
a request is generated using the request method programmed in 
the control registers, the DMAC obtains the bus and asserts ACK 
to notify the device that the transfer is to take place. The DMAC 
waits for READY (PeL input), which is a response from the 
device, in addition to I:lTACK which is a response from memory. 


When the DMAC accepts both signals, it terminates the transfer. 
Refer to Figures 34 and 35 for the flowcharts of the data transfer 
between memory and the device with ACK and REAW 
Refer to 
Figure 36 for the transfer timing of the S-bit device. When the 
data transfer is from memory to a device, data is valid from the 
assertion of DTACK to the negation of LDS and m. 'DTC is 
asserted a half clock before IDS and m are negated, so this 
line may be used for latching the data by the peripheral device_ 
In this case, ~ 
(PCL input) indicates that the device has 
received the data. Both I:>'l'ACK and 1'ffiIill"i' (PeL input) signals 
are needed for terminating the DMA cycle. 


Therefore, READY (PeL input) is used as the signal to indicate 
that the peripheral device has outputted the data on the bus. 
When the DMAC detects PCL (READY input), then it asserts 
IDS and m. After 
asserting IDS and m, the 
DMAC 


terminates the cycle when DTAcK signal from the memory is 
detected. 


As mentioned above, the I/O device and the DMAC communicate 
each other through three handshake signals in Figure 32. 


REO 


DMAC 
ACK 
i/G 


READY 


Figure 32 
Device with ACK and READY, 
and DMACtransfer protocol 
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( i ) Data 
transfer 
from 
the memory 
to the I/O device 
(read 
cycle) 


The 
DMAC 
samples 
both 
DTACK 
and 
READY 
signals 
at the 


rising 
edge of CLK 5 (Figure 
33 (D). 


Until 
both 
signals 
are 
asserted, 
the DMAC 
repeats 
wait 
cycles 


and samples 
those 
signals 
at each 
rising 
edge 
of the clock: 
the 
DMAC 
does not proceed 
to CLK 7 and 8 (Figure 
33 ~). 


When 
both DT Ack 
and READY 
signals 
are asserted 
(Figure 
33 


®), the 
DMAC 
proceeds 
to CLK 
7 and 
8, asserts 
'l:l'IT: at the 
rising 
edge of CLK 7 (Figure 
33 @), and terminates 
the bus cycle. 
The 
bus cycle 
is 4·c1ock long when 
there 
is no wait 
cycles. 


DMAC 
Address 
Memory 


1) 
Set R/W to Read 
2) 
Place 
Address 
on A,-Az3 


3) 
Place 
Function 
Codes 
on FCo-FCz 


4) 
Assert 
Address 
Strobe 
(AS) 
5) 
Assert 
Upper 
Data 
Strobe 
(ODS) and 
Lower Data 
Strobe 
([OS) 


6) 
Assert 
Acknowledge 
(AD<) 
, 


(i i) Data 
transfer 
from the I/O device 
to the memory 
(write cycle) 


The 
DMAC samples 
READY 
signal 
at the rising 
edge 
of CLK 3 


(Figure 
33 (D). Until 
READY 
signal 
is 
asserted, 
the 
DMAC 


repeats 
wait cycles 
and samples 
the signal 
at each 
rising 
edge of 
the clock: 
the DMAC does not proceed 
to CLK 5 and 6 (Figure 


33~). 


When 
READY 
signal 
is 
asserted 
(Figure 
33 ®), 
the 
DMAC 


proceeds 
to CLK 5-8, 
and asserts 
OS" at the falling 
edge of CLK 


5 (Figure 
33 ®). 


Table 
5 indicates 
the combinations 
of port size and operand 
size 


of the peripheral 
devices 
supported 
by the DMAC 
in the 
single 


and dual 
addressing 
modes. 
In the single 
addressing 
mode, 
port 


size and operand 
size must 
be the same. 
In the dual 
addressing 


mode, byte operand 
cannot 
be used when the port 
size is sixteen 


and the REQG bit is 10 or 11. 


Presett 
Data 
1) 
Decode 
Address 
2) 
Place 
Data 
on 00-015 
3) 
Assert 
Data 
Transfer 
Acknowledge 
(DTACK) 
••/ 
_ 


ACgUirt Data 
1) 
Load Data 
2) 
Assert 
READY 
, 


. t 
Terminate 
Transfer 
1) 
Assert 
Device Transfer 
Complete 
(DIC) 


2) 
Negate 
UDS and LDS 
3) 
Negate 
AS, AD< and D"f(; 
, 
, 
Terminate 
Cycle 
1) 
Negate 
DTACK 
, 


~HITACHI 


Hitachi 
America 
Ltd. 
• 
2210 O'Toole 
Avenue 
• 
San Jose, 
CA 95131 
• 
(408) 435·8300 


DMAC 
Address Memory 
1) 
Place Address on A,-A23 


2) 
Place Function Codes on FCo-FC2 


3) 
Assert Address Strobe (AS) 
4) 
Set R/W to Write 
5) 
Assert Acknowledge (ACK) 
~'---------------------------------. 
PreseJt Data 
1) 
Place Data on 00-0,5 
2) 
Assest READY 
. 
I 


Ena~le Data 
1) 
Assert 
Upper Data Strobe (UDS) 
and 
Lower Data Stro_,b_e_(WS_D_) 
, 


Accept Data 
1) 
Decode address 
2) 
Load Data 
3) 
Assert 
Data 
Transfer 
Acknowledge 
(mACK) 
t 
Terminate 
Transfer 
1) 
Assert Device Transfer Complete (ol!::) 


2) 
Negate UDS and LOS 
3) 
Negate As; ACK and ])'i"<:; 
, 
, 
C 
Terminate 
ycle 
1) 
Negate DTACK 
, 


ClK 


FCo-FC2 
:::J/// 


Al-A1 
::J//I 


As/Do 
-A23/D15 
~ 


XOo-XD!f; 
=:JIJI>--{IIl 
(External 
System 
Data 
Bus) 


UAS 
~ 


AS 
~ 


UDS 
....J1) 


lDS 
......flJ\n 


R/W 
~ 


DWN 
low 


DDIR 
High 


DBEN 
High 


HIBYTE 
High 


DTACK 
-lJJ"\n 


PCl 
(READY) 
\\\ 


DTC 


ACKo 
\\\ 


ACK, 


va 
va 
----- ...•~ 
:::::::::::::n:n:l1J)..--.q: 
:';;';;/I;;O;;O:========='::= 


------- 
..• 
\1L.Ju'" 
",----m 


Figure 36 
Single Addressing 
Mode with 8·bit Device as Source and 


Destination 
with PeL Used as a READY input (Read·Write Cycles) 
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Addressing 
Device Type 
Port 
Operand 
REQG bits of OCR 
Byte 
Word 
Long Word 


Dual 
68000, 
6800 
8 
0 
0 
0 
00, 01, 10, 11 
Dual 
68000, 
6800 
16 
0 
0 
0 
00,01 
Dual 
68000, 
6800 
16 
x 
0 
0 
10, 11 


Single 
with ACi< or 
8 
0 
X 
X 
00, 01, 10, 11 
ACi<& READY 
16 
X 
0 
X 
00, 01, 10, 11 


Auto request at a limited rate 
Auto request at a maximum rate 
~ 
line requests the operand transfer 


First 
operand 
is auto 
requested, 
and 
subsequent 
operands 


are 
externally 
requested. 


• Address Sequencing 
The sequence 
of addresses 
generated 
depends 
upon the port size, 
whether 
the addresses 
are to count up, down or not change 
and 
whether 
the transfer 
is executed 
in the single addressing 
mode or 
the dual 
addressing 
mode. The 
memory 
address 
count 
method 
and the peripheral 
device address 
count method 
is programmed 
using 
the 
Memory 
address 
count 
(MAC) 
bit 
and 
the 
Device 
address 
count (DAC) bit in the Sequence 
Control 
Register 
(SCR). 


(i) 
Single addressing 
mode 
In the single addressing 
mode, memory 
address 
sequencing 
is shown in Table 6. If the operand size is byte, the memory 
address 
increment 
is one (l). If the operand 
size is word, 
the memory 
address 
increment 
is two (2). If the memory 
address 
register 
does not count, 
the memory 
address 
is 
unchanged 
after 
the transfer. 


(ii) 
Dual addressing 
mode 
In the dual 
addressing 
mode, 
the operand 
size need 
not 
match 
the port size. Thus the transfer 
of an operand 
may 
require 
several 
DMA bus cycles. 
Each 
DMA 
bus cycle, 
between 
memory 
and DMAC and between 
DMAC and the 
device, 
is called the operand 
part 
and transfers 
a portion 
or all of the operand. 
The addresses 
of the operand 
parts 
are in a linear 
increasing 
sequence. 
The step between 
the 
addresses 
of the operand 
is two. The size of the operand 


part is the minimum 
of the port size and the operand 
size . 
The number of the operand 
part is the operand 
size divided 
by the port size. 


In the dual 
addressing 
mode, 
memory 
is regarded 
as a 
device whose port size is 16 bits and the operand 
size is a 
byte 
or a word. When the operand 
is transferred 
to the 
memory 
from the I/O device whose port size is 8 bits and 
the operand 
size is byte, the DMAC reads 
2·byte operand 
one byte at a time from the I/O device and writes 
2 bytes 
at the same time to the memory, 
or reads 
one byte 
from 
the I/O device and writes 
one byte to the memory. 
Thus, 


when the port size is 8 bits and the operand 
size is byte, 
two· operand 
transfer 
which is performed 
at the same time 
is called 
PACK. 
Utilizing 
the 
PACK, 
the 
DMAC 
may 
improve 
the DMA bus efficiency. 
However, 
packing 
is not 
performed 
if the address 
does not count. 
When 
the port 
size is 8 bits and the operand 
size is byte (port size: 
8 bits, 


without 
PACK) 
with 
the DMAC 
in the dual 
addressing 
mode, the DMAC repeats 
the following 
cycles: 
CD 
READ BYTE 
(reads data 
from the I/O device 
or the 
memory) 
~ 
WRITE 
BYTE 
(writes data 
to the I/O device 
or the 
memory) 
Table 
7 shows the dual addressing 
sequencing 


Port Size 
Opera nd Size 
Memory Address 
Increment 


+ (increment) 
=(unchanged) 
- (decrement) 


8 
Byte 
+1 
0 
-1 
16 
Word 
+2 
0 
-2 


Port Size 
Operand 
Size 
Part 
Size 
Operand 
Part 
Address 
Increment 
Address 
+ 
= 
- 


8 
Byte 
Byte 
A 
+2 
0 
-2 
8 
Word 
Byte 
A, A+2 
+4 
0 
-4 
8 
Long 
Byte 
A, A+2, A+4, A+6 
+8 
0 
-8 
16 
Byte 
Pack 
A 
+P 
0 
-P 
16 
Word 
Word 
A 
+2 
0 
-2 
16 
Long 
Word 
A, A+2 
+4 
0 
-4 
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• Operation Initiation 
To initiate the operation of a channel, the STR bit of the CCR is 
set to start the operation. Setting the STR bit causes the 
immediate activation of the channel, the channel will be ready to 
accept requests immediately. The channel initiates the operation 
by resetting the STR bit and setting the channel active bit in the 
CSR. Any pending requests are cleared, and the channel is then 
ready to receive requests for the new operation. If the channel is 
configured for an illegal operation, the configuration error is 
signaled, and no channel operation is run. The illegal operations 
include the selection of any of the options marked "(undefined, 
reserved)". If the MTC is set to zero in any mode other than the 
chaining mode, or BTC is set to zero in the array chaining mode, 
then the count error is signaled and the channel is not activated. 
The channel cannot be started if any of the ACT, COC, BTC, 
NDT or ERR bit is set in the CSR. In this case, the channel 
signals the operation timing error. 


• Operation Continuation 
(Continue 
Mode) 
When the STR bit or the ACT bit in the CSR is set, setting the 
CNT (Continue) bit in the CCR allows multiple blocks to be 
transferred as in the chaining modes.The CNT bit is set in order 
to continue the current channel operation. To set the CNT bit, 
the initial address of the next block to be transferred, the 
corresponding function code, and the number of words to be 
transferred must be previously set to the BAR, BFC and BTC. If 
the CNT bit is set when either the STR or the ACT bit is not set, 
the operation timing error is signaled. The configuration error is 
signaled when the CNT bit is set in the chaining modes. 


• Operation Halting (Halt) 
The CCR has a halt bit which allows suspension of the operation 
of the channel. If this bit is set, a request may still be generated 
and recognized, but the DMACdoes not attempt to acquire the 
bus or to make transfers for the halted channel. When this bit is 
reset, the channel resumes operation and services any request 
that may have been received while the channel was halted. 
However, in the burst request mode, the transfer request should 
be kept asserted until the initiation of the first transfer after 
clearing the halt bit. 


• Operation Abort by Software (Software 
Abort) 
Setting the software abort bit (SAB) in the CCR allows the 
current operation of the channel to be aborted. In this case, the 
ERR bit and the COCbit in the CSR are set and the ACT bit is 
reset. The error code for the software abort is set in the CER. 
The SAB bit is designed to be reset if the ERR bit is reset. When 
the CCR is read, the SAB always reads as zero(O). 


.CHANNEL 
OPERATION TERMINATION 
As part of the transfer of an operand, the DMACdecrements the 
memory transfer counter(MTC). If the chaining mode is not used 
and the CNT bit is not set or the last block is transferred in the 
chaining mode, the operation of the channel is complete when the 
last operand transfer is completed and the MTC is zero. The 
DMACnotifies the peripheral device of the channel completion 
via the ~ 
output. 


However, .in the continue mode, DONE is outputted at the 
termination of every data block transfer. When the channel 
operation has been completed, the ACT bit of the CSR is cleared, 
and the COCbit of the CSR is set. 


The occurrence of errors, such as the bus error, during the DMA 
bus cycle also terminates the channel operation. In this case, the 
ACT bit in the CSR is cleared, the ERR and the COCbits are set, 
and at the same time the code corresponding to the error that 
occurred is set in the CER. 


• Channel Status Register (CSR) 
The channel status register contains the status of the channel at 
the channel operation termination. The register is cleared by 
writing a one (1) into each bit of the register to be cleared. 


coe 
The channel operation complete (COC)bit is set if the channel 
operation has completed. The COCbit must be cleared in order 
to start another channel operation. The COCbit is cleared only 
by writing a one to this bit or resetting the DMAC. 


PCS 
The peripheral status (PCS)bit reflects the level of the P'CL"line 
regardless of its programmed function. If PCL is at "High" level, 
the PCS bit reads as one. If l5Cr is at "Low" level, the PCS bit 
reads as zero. The PCS bit is unaffected by writing to the CSR. 


PCT 
The peripheral control transition (PCT)bit is set, if a falling edge 
transition has occurred on the P'CL"line. (The PCL line must 
remain at "low" level for at least two clock cycles.) The PCT bit 
is cleared by writing a one to this bit or resetting the DMAC. 


BTC 
Block transfer complete (BTC) bit is set when the continue 
(CNT) bit of CCR is set and the memory transfer counter (MTC) 
is exhausted. The BTC bit must be cleared before the another 
continuation is attempted (namely, setting the CNT bit again), 
otherwise an operation timing error occurs. The BTC bit is 
cleared by writing a one to this bit or resetting the DMAC. 


NOT 
Normal device termination (NDT) bit is set when the peripheral 
device terminates the channel operation by asserting the DONE 
line while the peripheral device was being acknowledged. The 
NDT bit is cleared by writing a one to this bit or resetting the 
DMAC. 


ERR 
Error (ERR)bit is set if any errors have been signaled, When the 
ERR bit is set, the code corresponding to the kind of the error 
that occured is set in the CER. The ERR bit is c1eredby writing 
a one to this bit or resetting the DMAC. 


ACT 
The active (ACT) bit is asserted after the STR bit has been set 
and the channel operation has started. This bit remains set until 
the channel operation is terminated. The ACT bit is unaffected 
by write operations. This bit is cleared by the termination of the 
channel or resetting the DMAC. 


olT 
Done input transition (DIT) bit is set if the ~ 
input is 


generated while the multiple block transfer mode with DONE is 
being set. The DIT bit is cleared by writing a one to this bit or 
resetting the DMAC. 
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• Interrupts 
The DMACcan signal the termination of the channel operation 
by generating an interrupt request. The interrupt request is 
generated by the following condition. 


e!) 
INT=l 
and 


<Zl COC=l or BTC=l or ERR=I or NDT=l 
or PCT=l 


(the PeL line is an interrupt input) 
This may be represented as 


IRQ=INT· 
(COC+BTC+ERR+NDT+PCT') 


('PCL line is programmed as an interrupt input.) 


When the IRQ line is asserted, changing the INT bit from one to 
zero to one will cause the IRQ output to change from "low" to 
"high" to "low" again. The IRQ shouldbe negated by clearing the 
COC,the BTC, the ERR, the NDT and the PCT bits. 


If the DMACreceives lACK from the MPU during asserting the 
IRQ, the DMACprovides an interrupt vector. If multiple channels 


have interrupt requests, the determination of which channel 
presents its interrupt vector is made using the same priority 
scheme defined for the channel operations. 


The bus cycle in which the DMACprovides the interrupt vector 
when receiving an lACK from the MPU is called the interrupt 
acknowledge cycle. The interrupt vector returned to the MPU 
comes from either the nomal or the error interrupt vector 
register. The normal interrupt register is used unless the ERR bit 
of CSR is set, in which case the error interrupt vector register is 
used. The content of the interrupt vector register is placed on A./ 
Do- A"/D,, and DTACK is asserted to indicate that the vector is 
on the data bus. If a reset occurs,all interrupt vector registers are 
set to (00001111)"the value of the uninitialized interrupt vector 
of the HD68000MPU. The timing of the interrupt acknowledge 
cycle is shown in Figure 36. The HD68000MPU outputs the 
interrupt level into A,-A, and "I" into A,-A, during the interrupt 
acknowledge cycle, but the HD63450 DMAC ignores these 
signals. 


CLK L.rLJlY 
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• Multiple Data Block Transfer 
Operation 


When the memory transfer counter (MTC) is exhausted, the 
channel operation still continues if the channel is set to the array 
chaining mode or the linked array chaining mode, and the chain 
is not exhausted. The channel operation also continues if the 
continue bit (CNT) of the CCR is set. The DMAC provides the 
initialization of the memory address register and the memory 
transfer counter in these cases so that the DMACcan transfer the 
multiple blocks. 


Continued Operation 
The continued operation is described in the Initiation and the 
Control of the Channel Operation section. 


Array Chaining 
This type of chaining uses an array in memory consisting of 
memory addresses and transfer counts. Each entry in the array is 
six bytes long and, consists of four bytes of address followed by 
two bytes of transfer count. The beginning address of this array 
is in the base address register, and the number of entries in the 
array is in the base transfer counter. Before starting any block 
transfers, the DMACfetches the entry currently pointed to by the 
base address register. The address information is placed in the 
memory address register, and the count information is placed in 
the memory transfer counter. As each chaining entry is fetched, 
the base transfer counter is decremented by one_ After the 
chaining entry is fetched, the base address register is incremented 
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HD63450 
DMAC 


MAR 
* 
DAR 
peripheral 
device address 


BAR 
top address of the table 


MTC 
* 


BTC 
g~~6e;;'aons~~~~~s 


HD68000 


MPU 


Note: 
The number 
of data 
blocks 
being 


transferred 
in this example 
is 3. 


top address 
of 
the table 


memory 


address 
C 


peripheral 
device 
address 


memory 
address 
A(H) 


memory 
address 
A(l) 


transfer 
count 
A 


memory 
address 
B(H) 


memory 
address 
B(l) 


transfer 
count 
B 


memory 
address 
C(H) 


memory 
address 
C(l) 


transfer 
count 
C 
- 


~ 


block 
C 


~ 


block A 


block 
B 
- 
-- 


) 


transfer 
count 
C 


} 


transfer 
count 
A 


) 


transfer 
count 
B 


peripheral 
device 
or 
memory 
- 


to point the next entry. When the base transfer 
counter 
reaches 
a terminal 
count 
of zero, the chain 
is exhausted, 
and the entry 
just fetched determines 
the last block of the channel 
operation. 


An 
example 
of the 
array 
chaining 
mode 
operation 
and 
the 
memory 
format 
for supporting 
for array 
chaining 
is shown 
in 
Figure 38. The array 
must start 
at an even address, 
or the entry 
fetch results in an address error. If a terminal 
count is loaded into 
the memory 
transfer 
counter 
or the base transfer 
counter, 
the 
count error 
is signaled. 


Linked Array Chaining 
This type of chaining 
uses a list in memory consisting 
of memory 


address, 
transfer 
counts, 
and link addresses. 
Each 
entry 
in the 


chain list is ten bytes long, and consists 
of four bytes of memory 


address, 
two 
bytes 
of transfer 
count 
and 
four 
bytes 
of link 


address. 
The address 
of the first entry 
in the list is in the base 


address 
register, 
and the base transfer 
counter 
is unused. 
Before 


starting 
any 
block 
transfers, 
the 
DMAC 
fetches 
the 
entry 


currently 
pointed 
to by the base address 
register. 
The 
address 


information 
is placed in the memory 
address 
register, 
the count 


information 
is placed 
in the memory 
transfer 
counter, 
and the 


link address 
replaces 
the current 
contents 
of the base 
address 
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register. The channel then begins a new block transfer. As each 
chaining entry is fetched, the update base address register is 
examined for the terminal link whichhas all 32bits equal to zero. 
When the new base address is the terminal address, the chain is 
exhausted, and the entry just fetched determines the last block of 
the channel operation. 


An example of the linked array chaining mode operation and the 
memory format for supporting it is shown is Figure 39. 


In Figure 39, the DMAC transfers data blocks in the order of 
Block A, Block B, and Block C. In the linked array chaining 
mode, the BTC is not used. When the DMACrefers to the linked 
array table, the value of the BFC is outputted as the function 
code. The values of the function code registers are unchanged by 
the linked array chaining operation. 


This type of chaining allows entries to be easily removed or 
inserted without having to reorganize data within the chain. 
Since the end of the chain is indicated by a terminal link, the 
number of entries in the array need not be specified to the 


HD68000 


MPU 
MAR 
••• 


OAR 
peripheral de••••ce address 


~ 
BAR 
top address of the table 


MTC 
• 


BTe 
(not 
used) 


The linked array table must start at an even address in the linked 
array chaining mode. Starting the table at an odd address results 
in an address error. If "0" is initially loaded to the MTC, the 
count error is signaled. Because the MPU can read all of the 
DMAC registers, all necessary error recovery information is 
available to the operating system. 
The comparison of both chaining modes is shown in Table 8. 


Chaining 
Mode 
Base Address 
Base Transfer 
Compleled 


Register 
Counter 
When 


address of the 
number of data 
Base Transfer 
Array Chaining 
array table 
blocks being 
Counl=O 
transferred 


Linked Array 
address of the 


linked array 
(nol used) 
Linked 


Chaining 


table 
Address=O 


peripheral 
device 
address 


- 


memory 
address 
B(HI 


memory 
address 
B(L) 


transfer 
count 
B 


link address 
Y(HI 


link address 
YIl) 


memory 
address 
ClHI 


memory 
address 
ell) 


transfer 
count 
C 


"All 0" 
terminator 


"AU 
0" terminator 


memory 
address 
A(H) 


memory 
address 
A(Ll 


transfer 
count 
A 


link address 
X(H) 


link address 
X(LI- 


} 


transfer 


count 
C 


1transfer 
J count 
A 


} 


transfer 


count 
B 
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Multi-Block Transfer 
with OONEMode 
The multi-block 
transfer 
with J:iONE mode is set by setting 
BTD 
bit of the OCR- In this mode, 
data 
block 
transfer 
continues 
even 
if the 
J:iONE 
signal 
is inputted 
during 
the 
DMA 
bus 
cycle_ 
If 
J:iONE 
is inputted 
during 
the 
DMA 
bus 
cycle 
when 
the 
multi- 


block 
transfer 
is not performed, 
the DMAC 
resets 
ACT bit of the 
CSR, 
sets 
NDT 
and 
COC 
bits, 
and 
terminates 
the 
DMA 
operation. 


When J:iONEis 
inputted 
from the I/O device during 
the DMA bus 
cycle 
in which 
ACK 
is outputted, 
the 
DMAC 
terminates 
the 
operand 
transfer 
and 
then 
the 
current 
block 
transfer. 
Then, 


maintaining 
the 
bus, 
the 
DMAC 
sets 
DIT 
bit 
of the 
CSR 
and 
reads 
the 
data 
block 
transfer 
information 
from 
the 
memory. 
After 
that, 
the DMAC 
transfers 
the next 
block 
as required. 


In the continue 
mode, 
if DONE 
is inputted 
from 
the I/O 
device 
during 
the DMA bus cycle 
in which ACJ(is 
outputted, 
the DMAC 
terminates 
the operand 
transfer 
and terminates 
the current 
block 
transfer. 
Then 
the DMAC 
shifts the data 
in BAR, BFC and BTC 
to MAR, 
MFC 
and 
MTC, 
waits 
for 
the 
transfer 
request, 
and 
transfers 
the next 
block. 
If the value 
of BAR, 
BFC and 
BTC 
is 
the same 
as that 
of MAR, 
MFC 
and MTC, 
the DMAC 
repeats 
transferring 
the same 
block. 


As 
stated 
above, 
the 
multi-block 
transfer 
with 
DONE 
mode 
realizes 
termination 
(stops the current 
block transfer) 
and restart 
(starts 
transferring 
the next block) 
of the multi-block 
transfer 
in 
the high-speed 
data 
transfer 
system 
without 
MPU 
interposition. 


• Bus Exception Conditions 
The DMAC has three 
lines for inputting 
bus exception 
conditions 
called 
BEe., 
BEC" 
and BEC,. 
The 
priority 
encoder 
can be used 
to generate 
these 
signals 
externally. 
These 
lines are encoded 
as 
shown 
in Table 
9. 


BEC2 
BECI 
~ 
Exception 
Condition 


1 
1 
1 
No exception 
condition 
1 
1 
0 
Halt 
1 
0 
1 
Bus error 


1 
0 
0 
Retry 
0 
1 
1 
Relinquish 
bus and retry 
0 
1 
0 
(undefined, 
reserved) 


0 
0 
1 
(undefined, 
reserved) 
0 
0 
0 
Reset 


In order 
to guarantee 
reliable 
decoding, 
the DMAC 
verifies 
that 
the incoming 
code has been 
stable 
for two 
DMAC 
clock 
cycles 
before 
acting 
on it. The DMAC picks up BEC.-BEC, 
at the rising 
edge of the clock_ IfBEC;-BEC, 
is asserted 
to the undefined 
code, 


the operation 
of the DMAC does not proceed. 
For example, 
when 


the DMAC 
is waiting 
for IYrACK, 
inputting 
DT ACK 
does 
not 
result 
in the termination 
of the cycle if BEC.-BEe, 
is asserted 
to 
the 
undefined 
code_ In addition, 
when 
the 
transfer 
request 
is 
received, 
Bfi 
is not 
output 
if the BEC;;. BEe; 
is not 
set 
to code 
(111). 


If exception 
condition, 
except 
for HALT, 
is inputted 
during 
the 
DMA 
bus 
cycle 
prior 
to, or in coincidence 
with 
DTACK, 
the 
DMAC 
terminates 
the 
current 
channel 
operation 
immediately. 
Here coincident 
means 
meeting 
the same set up requirements 
for 


the same 
sampling 
edge of the clock. 
BEC;-BEC, 
is ignored 
in 


the current 
DMA bus cycle 
if it is input 
after 
DTACK. 
If a bus 
exception 
condition 
exists, 
the DMAC does not generate 
any bus 
cycles 
until 
it is removed. 
However, 
the DMAC 
still 
recognizes 
requests. 


Halt 
The timing 
diagram 
of halt 
is shown 
in Figure 
40. This 
diagram 
shows 
halt 
being 
generated 
during 
a read 
cycle 
from 
the 68000 


compatible 
device 
in the 
dual 
addressing 
mode. 
If 
the 
halt 


exception 
is asserted 
during 
a DMA bus cycle, 
the 
DMAC 
does 


not terminate 
the bus cycle 
immediately. 
The 
DMAC 
waits 
for 


the assertion 
of DT ACK before 
terminating 
the bus cycle so that 


the 
bus 
cycle 
is completed 
normally. 
In the 
halted 
state, 
the 


DMAC 
puts 
all 
the 
control 
signals 
to 
high 
impedance 
and 


relinquishes 
the bus to the MPU. 
The DMAC does not output 
the 


Bfi 
until 
halt 
exception 
is negated. 
When 
halt 
exception 
is 


negated, 
the 
DMAC 
acquires 
the 
bus 
again 
and 
proceeds 
the 


DMA operation. 
In order 
to insure 
a halt exception 
operation, 
the 


1'ffiC" lines must be set to halt at least 
until the assertion 
of DTC. 


If the 
halt 
is asserted 
when 
the 
DMAC 
has 
the 
bus 
but 
is not 


executing 
any bus cycle, the DMAC relinquishes 
the bus as soon 
as halt 
exception 
is -asserted. 
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Bus Error 
The bus error exception is generated by external 
circuitry to 
indicate the current transfer cannot be successfully completed 
and is to be aborted. As soon as the DMAC recognizes the bus 
error exception. the DMAC immediately terminates the bus cycle 
and proceeds to the error recovery cycle. In this cycle. the DMAC 
adjusts the values of the MAR. the DAR. the MTC and the BTC 
to the values when the bus error exception occurred. 24 clocks 
are required for the error recovery cycle in the single addressing 
mode and in the read cycle of the dual addressing mode. 28clocks 
are required in the write cycle of the dual addressing mode. If the 
DMAC does not have any transfer request in the other channels 
after the error recovery cycle. the DMAC relinquishes the bus. 
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Retry 
The retry exception causes the DMAC to terminate the present 
operation and retry that operation when retry is removed. and 
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thus will not honor any requests until it is removed. However. the 
DMAC still recognizes requests. The retry timing is shown in 
Figure 42. 


Relinquish and Retry (R & R) 
The 
relinquish 
and 
retry 
exception 
causes 
the 
DMAC to 


relinquish the bus and three· state all bus master controls and 
when the exception is removed, rearbitrate 
for the bus to retry 


the previous operation. 


The diagram of the relinquish and retry timing is shown in 
Figure 43. 
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Reset 
The reset provides a means of resetting 
and initializing 
the 


DMAC. If the DMAC is bus master when the reset is asserted, the 
DMAC relinquishes the bus. Reset clears GCR. DCR. OCR. SCR, 
CCR, CSR. CPR, and CER for all channels. The NIV and the EIV 
are all set to (OF)". which is the uninitialized interrupt vector 
number for the HD68000 MPU. MTC. MAR. DAR. BTC. BAR. 
MFC. DFC. and BFC are not affected (see Table 10). 


In order to insure a reset. BEC;"- BEe, must be kept at "Low" 
level for at least ten clocks. 
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Register 
Value 
Comments 


MAR 
XXXXXXXX 


OAR 
XXXXXXXX 


BAR 
xxx xxx xx 


MFC 
x 


OFC 
x 


BFC 
X 


MTC 
XXXX 


BTC 
xxx 
X 


NIV 
OF 
uninitialized vector 


EIV 
OF 
uninitialized vector 


CPR 
00 


OCR 
00 


OCR 
00 


SCR 
00 


CCR 
00 


CSR 
o 0 orO 1 
depending 
on PC[ 


CER 
00 


GCR 
00 


• Error Conditions 
When 
an error 
is signaled 
on a channel, 
all activity 
on that 
channel 
is stopped. 
The ACT bit of the CSR is cleared, 
and the 
COC bit is set. The ERR bit of the CSR is set, and the error 
code 
is indicated 
in the CER. All pending 
operations 
are cleared, 
so 
that both the STR and CNT bits of CCR are cleared. 


(a) 
Configuration 
Error-This 
error 
occurs 
if the STR bit is 
set in the following 
cases. 
(i) 
The 
CNT 
bit is set at the same 
time 
STR 
hit in the 
chaining 
mode. 
(ii) 
DTYP specifies a single addressing 
mode, and the device 
port size is not the same as the operand 
size. 
(iii) DTYP 
specifies a dual addressing 
mode, DPS is 16 bits, 
SIZE is 8 bits and REQG is "10" or "11". 
(iv) An undefined 
configuration 
is set in the registers. 
The 
undefined 
configuraions 
are: 
XRM=OI, 
MAC=l1, 
DAC 
=11, CHAIN=OI, 
and SIZE=ll. 


When the port size is 8 bits, SIZE= 11 is not an error 
in 
the dual addressing 
mode. 


(b) 
Operation 
Timing 
Error-An 
operation 
timing 
error 
occurs in the following 
cases: 


(i) 
When the CNT bit is set after the ACT bit has been set 
by the DMAC in the chaining 
mode, or when the STR 
and the ACT bits are not set. 


(ii) 
The STR bit is set when ACT, COC, BTC, NDT or ERR 
is set. 


(iii) An attempt 
to write to the DCR, OCR, SCR, MAR, DAR, 


MTC, MFC, or DFC is made when the STR bit or the 
ACT bit is set. 


(iv) An attempt 
to set the CNT bit is made when the BTC 
and the ACT bits are set. 


(i) 
An odd address 
is set for word or long word operands. 


(ii) CS or lACK is asserted 
during 
the DMA bus cycle. 


(d) 
Bus Error- 
Bus error occurs when a bus error exception 
is 


signaled 
during 
a DMA bus cycle. 


(e) 
Count Error- 
A count error occurs in the following 
cases: 


(i) 
The STR bit is set when zero is set in the MTC and the 
chaining 
mode is not used. 
(ii) 
The STR bit is set when zero is set in BTC for the array 
chaining 
mode. 
(iii) Zero is loaded from memory 
or the BTC to the MTC in 


the chaining 
modes or the continue 
mode. 


(f) 
External 
Abort-External 
abort 
occurs 
if an 
abort 
is 


asserted 
by the external 
circuitry 
when 
the PCL line is 


configured 
as an abort input and the STR or the ACT bit 


is set. 


Error Recovery 
Procedures 
If an error 
occurs 
during 
a DMA 
transfer, 
appropriate 
infor- 
mation 
is available 
to the 
operating 
system 
(OS) to allow 
a 


software 
failure 
recovery 
operation. 
The operating 
system 
must 


be able to determine 
how much data was transferred, 
where 
the 


data 
was transferred 
to, and what type of error 
occurred. 


The information 
available 
to the operating 
system consists 
of the 


present 
value of the Memory 
Address, 
Device Address 
and Base 


Address 
Register, 
the 
Memory 
Transfer 
and 
Base 
Transfer 


Counters, 
the channel 
status 
register, 
the channel 
error 
register . 


After the successful 
completion 
of any transfer, 
the memory 
and 


device address registers 
point to the location 
of the next operand 
to be transferred 
and the memory 
transfer 
counter 
contains 
the 


number 
of operands 
yet to be transferred. 
If an error 
occurs 


during 
a 
transfer, 
that 
transfer 
has 
not 
completed 
and 
the 
registers 
contain 
the values 
they had before 
the 
transfer 
was 


attempted. 
If the 
channel 
operation 
uses 
chaining, 
the 
Base 


Address 
Register 
points 
to the next chain entry 
to be serviced, 


unless 
the 
termination 
occurred 
while 
attempting 
to fetch 
an 
entry in the chain. In that case, the Base Address 
Register 
points 


to the entry 
being 
fetched. 
However, 
in the 
case 
of external 
abort, 
there 
are 
cases 
in which 
the 
previous 
values 
are 
not 


recovered. 


Bus Exception 
Operating 
Flow 
The 
bus 
exception 
operating 
flow 
in the 
case 
of 
multiple 


exception 
conditions 
occurring continuously 
in sequence 
is shown 
in Figure 
44. Note that 
the DMAC can receive 
and execute 
the 


next exception 
condition 
before completing 
the current 
exception 


operation. 
For example, 
if the retry 
exception 
occurs, 
and next 


the relinquish 
and retry 
exception 
occurs 
while 
the DMAC 
is 


waiting 
for 
the 
retry 
condition 
to 
be 
cleared, 
the 
DMAC 


relinquishes 
the bus and waits for the exception 
condition 
to be 


cleared. 
If a bus error 
occurs 
during 
this 
period, 
the 
DMAC 


executes 
the bus error 
exception 
operation. 


The 
flow diagram 
of the normal 
operation 
without 
exception 


operation 
or errors 
is shown in Figure 
45. 
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.CHANNEL 
PRIORITIES 
Each 
channel 
has a priority 
level, which 
is determined 
by the 


contents 
of the Channel 
Priority 
Register 
(CPR). The priority 
of 


a channel 
is set by writing 
one of values 
(00), through 
(11)" to 


CPR, 
(00), 
being 
the 
highest 
priority 
level. 
When 
multiple 
requests 
are pending 
at the DMAC, the channel 
with the highest 


priority 
receives 
first 
service. 
The 
priority 
of 
a 
channel 
is 
independent 
of the device protocol 
or the request 
mechanism 
for 


that channel. 
If there are several 
requesting 
channels 
at the same 


priority 
level, a round·robin 
resolution 
is used, that 
is the DMAC 


does operand 
transfers 
in rotation 
starting 
form the channel 
of 


the lowest 
address. 


Resetting 
the DMAC 
sets the priority 
level 
of all channels 
to 


"(00),", the highest 
priority 
level. 
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• 
APPLICATIONS 
Examples of how to interface HD63450 to an HD68000 based 
system are shown in Figures 46 and 47. 


directional buffer 74LS245. These signals are three-stated 
at 
active low, which requires pull-up resistors. 


Figure 46 shows an example of how to demultiplex the address/ 
data bus. OWN and UAS are used to control 74LS373for latching 
the address. ~ 
and DDIR are 
used to control 
the bi· 


Figure 47 shows an ex~ 
of inter-device connection in the 


HD68000 system."i{EQ, A:CK,PCI:, DTC, and ImNE are used to 
control I/O devices. 


A,-An 
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LOS 
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A/W 


liTACK 
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HD6800 


RtW 
Periphr. 


Figure 47 
An Example of Inter-Device Connection in 
the HD68000 System 
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• 
NOTES FOR USING HD63450 


(1) 1/0 device connection in HD6800 mode. 
When the DMAC is reading data from the HD6800 type periph- 
eral device, the data is to be latched not at the falling edge of E 
clock but at that of CLK of D'I'C:: assertion. As shown in the figure 
below, the 74LS373 is externally required to keep this data on the 
bus of the DMAC. 


(2) External abort during the J:lONr input cycle 
In case of 1/0 device-to-Memory transfer under the l:!ual ad- 
dressing mode, the lJONEinput occurs during the read cycle of 1/ 
o device-to-DMAC registers. 


The external 
abort (PCL is configured as an external 
abort 


input.) will be ignored during the write cycle which subsequently 
starts after the DMAC enters the DONE input cycle. 


In this case, the registers CSR and CER indicate the normal 
transfer termination informed by the ~input. 
When PCT = 


"I", ERR = "0", and NDT = "I" are set in CSR, an external 
abort has occurred. 


(3) Multiple errors in one channel 
In case of the sequential multiple errors in one channel, the 
DMAC indicates only the first one. The error code once set in 
CER is reserved until the ERR bit is reset. 


(4) Attention for mounting the DMAC 
The thick wiring is recommended to be used to connect the V55 
pin of the DMAC to the ground of the circuit board. 


AS 


+5V 


Figure 48 
An Example of Connection with HD6800 type Peripheral Devices 


(channel 2 and 3 are used) 
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HD68450 
Direct Memory Access Controller (NMOS) 


Microprocessor implemented 
systems are becoming increas- 
ingly complex, particularly with the advent of high-performance 
16-bit MPU devices with large memory addressing capability. In 
order to maintain high throughput, large blocks of data must be 
moved within these systems in a quick, efficient manner with 
minimum intervention by the MPU itself. 


The HD68450 
Direct Memory Access Controller 
(DMAC) 
is designed specifically to complement 
the performance 
and 
architectural 
capabilities of the HD68000 MPU by providing the 
following features: 


HD68000 Bus Compatible 
4 independent DMA Channels 
Memory-to-Memory, 
Memory-to-Device, 
Device-to·Memory 
Transfers 
MMU Compatible 
Array-Chained and Linked-Array-Chained Operations 
On-Chip Registers that allow Complete Software Control by 
the System MPU 
Interface 
Lines 
for 
Requesting, 
Acknowledging, 
and 
Incidental Control of the Peripheral Devices 
Variable System Bus Bandwidth Utilization 
Programmable Channel Prioritization 
2 Vectored interrupts for each Channel 
Auto-Request and External-Request Transfer Modes 
+5 Volt Operation 


The DMAC functions by transfering a series of operands (data) 
between 
memory 
and peripheral 
device; 
operand 
sizes can 
be byte, word, or long word. A block is a sequence of opera- 
tions; the number of operands in a block is determined 
by a 
transfer 
count. 
A single-channel operation 
may involve the 
transfer of several blocks of data between memory and device. 


Type No. 
Bus Timing 
Packaging 


HD68450-8 
8MHz 
DC-64 


HD68450-10 
10MHz 
DC-64 


HD68450Y-8 
8MHz 
PGA-68 


HD68450Y -10 
10MHz 
PGA-68 
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4 Sets 
(One Set Por 
Channel) 


~~.I 
Function Pin Function 
Pin Function 
Pin 
Function 
No. 
No. 
No. 
I 
N/C 
I. 
~L, 
35 
.•..•/0" 
52 
BGACK 
2 
.•.,,/os 
" 


OT"'CK 
35 
"'"/0• 
53 
L1>!l 


3 
.•.,,/0, 
20 
OM 
37 
.•.,,/0, 
5' 
Vu 


• 
"',0/0, 
" 


AS 
3. 
"'u/D. 
ss 
V" 


5 
AojO, 
22- 
.m 
3. 
..../0, 
55 
Dm'if 


5 
A, 
23 
N/C 
'0 
V•• 
57 
iIm 


7 
.•. 
2. 
~ 
., 
v" 
5. 
;mr, 


• 
'" 
25 
CLK 
'2 
.•. 
59 
A"R; 


• 
A, 
25 
OA K 
'3 
A, 
50 
BECo 


10 
N/C 
27 
ACKi .. 
OG 
51 
FC, 


11 
•• 
2. 
ACICo 
'5 
OWN 
52 
.J./Dll 


12 = 
2. 
aEr. 
'5 
HIBYTE 
63 
"',./0'0 


13 
Olmi 
30 
FC, 
.7 
OOJR 
5' 
"',./0. 


" 
mb 
31 
FC, 
•• 
1m], 
.5 
"',./0. 


15 
., 
32 
"'21/0" 
•• 
~ 
.5 
A, 


15 
RlQO 
33 
"'n/D,. 
50 
~ 
.7 
= 
17 
PC["J 
3' 
"',010" 
51 
N/C 
•• 


.•.CIC, 
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Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc . 
-0.3 - 
+7.0 
V 


Input Voltage 
Vin . 
-0.3 - 
+7.0 
V 


Operating Temperature Range 
Topr 
0-+70 
°c 


Storage Temperature 
Tst• 
-55 - +150 
°c 


• With respect to Vss (SYSTEM GNO) 


(NOTE) 
Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 
If these conditions are exceeded. it could affect reliability of LSI. 


Item 
Symbol 
min 
typ 
max 
Unit 


Supply Voltage 
Vcc · 
4.75 
5.0 
5.25 
V 


V'H · 
2.0 
- 
Vcc 
V 
Input Voltage 
V'L · 
-0.3 
0.8 
V 
- 
Operating Temperature 
Topr 
0 
25 
70 
°c 


• 
ELECTRICAL 
CHARACTERISTICS 
• 
DC CHARACTERISTICS 
IVcc = 5V ±5%, Vss = OV, Ta = 0-+70°C, 
unle•• otherwise noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Input "High" 
Voltage 
V'H 
2.0 
- 
Vcc 
V 


Input "Low" 
Voltage 
V'L 
Vss-0.3 
- 
0.8 
V 


~ 
lACK, aI:>, ClK, 
Input leakage Current 
BEC. -BEe, 
lin 
- 
- 
10 
IJA 
REQ.-REQ, 
&..- A7, D. - D"/A. - A", 


Three·State 10ff State) 
AS, UDS, LOS, RIW, OAS, 
DTACK, BGACK, OWN, DTC, 
ITS1 
- 
- 
10 
IJA 
Input Current 
HIBYTE, 
DDIR, DBEN, 
FC. -FC, 


Open Drain (011 State) 
IRQ, DONE 
lao, 
20 
IJA 
Input Current 
- 
- 


A, - A7, D. - D"/A. - A", 
AS, ODS, [j)S, 
RtW. OAS, 


Output "High" 
Voltage 
DTACK, BGACK, SR, OWN, 
VOH 
10H = -4001JA 
2.4 
- 
- 
V 
DTC, HIBYTE, DDJR, DBEN, 
ACK. - ACK" 
PCl. 
- PCl" 
FC. -FC, 


A, - A7, FC. - FC, 
VOL 
10L = 3.2 mA 
- 
- 
0.5 


D. - D"/A. - A", 
AS, UDS, 
lDS, 
RIW,DTACK 
BR. 
Output "low" 
Voltage 
OWN, DTC. HIBYTE, 
DPIR, 
VOL 
IOL=5.3mA 
- 
- 
0.5 
V 
DBEN, ACK. - ACK" 
OAS, 
PCl. 
- PCl" 
BGACK 


IRQ, DONE 
VOL 
10L =8.9mA 
- 
- 
0.5 


Power 
Dissipation 
Po 
1- 8 MHz,Vcc =5.0" 
- 
1.4 
2.0 
W 
Ta - 25°C 


Capacitance 
Cin 
V'n -OV, 
- 
- 
15 
pF 
Ta=25°C, 
1= 1 MHz 
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I130pF 


Tft' 
H8:~~O.8 
H~~.~~.lO 
UtilI 
No 
Item 
Symbol 
Condition 
H068450Y·8 
HD6B4S0Y 
·10 


min 
m•• 
m,n 
m•• 


Frequency 
01 Ope. at Ion 
f 
2 
8 
2 
10 
MH, 


I 
Clock 
Period 
ICye: 
126 
500 
100 
500 
n. 


2 
Clock 
W,dth 
Low 
'e, 
55 
250 
•• 
250 
n. 


3 
Clock 
W,dth 
H,!~h 
'eH 
55 
250 
45 
250 
n. 


4 
Clock 
fall 
Time 
'e, 
10 
10 
n. 


5 
Clock 
R,w 
Tome 
'e, 
- 
10 
10 
n. 


6 
Asynchronou$lnpul 
Setup 
T,me 
lASt 
20 
15 
n. 


7 
Data In 10 l5BEN Low 
IOlD8L 
0 
0 
n. 


8 
01 ACK 
low 
to Oa" Invalid 
tOTLOI 
0 
0 
n. 


• 


Addreu 
in to 
AS 
,n Low 
'AIASL 
0 
0 
n. 


10 
AS. US In High to Addrns 
'" 
Inl/alid 
ISIHAIV 
0 
0 
m 


lOA 
OS in H'llh to CS HOllh 
IOSHC5H 
1.0 
- 
1.0 
elk. 
per 


11 
Clock 
High 
10 ~ 
Low 
lCHOf'lL 
- 
70 
- 
80 
m 
12 
Clock 
HIgh 10 tfOtR 
High 
lCHORH 
70 
60 
m 


13 
OS" ,n H,gh 10 COlA 
High 
Imped¥lCI 
IO$HDFlZ 
- 
120 
110 
n. 
" 
Clock 
Low 
10 ~ 
Low 
'CLOBL 
70 
60 
m 
.. 
Clock 
Low 
to DBEN 
High 
tCLDSH 
70 
- 
60 
m 


'6 
OS: In HIgh 
to OBEN 
Hogh Impedance 
'OSHD9Z 
120 
- 
110 
n. 


17 
Clock 
H,gh to Data Oul 
Valld 
IMPU 
feed) 
ICHOVM 
- 
180 
160 
n. 
18 
OS ,n H,gh 10 Dau 
Out 
Invalid 
'OSHOZ" 
0 
0 
n. 


" 


OS In High 
to Data High 
Impedance 
'OSHOZ 
- 
120 
- 
110 
m 


20 
Clock 
Low 
10 CTACK 
Lo •••• 
, 
T 
70 
- 
60 
n. 


" 


"OS In H,gh 
10 OTACK 
HIgh 
IOSHOTH 
- 
110 
- 
110 
m 
22 
OT ACK 
W,dlh 
HIgh 
10TH 
10 
10 
n. 
23 
OS In HIgh 10 OTACK 
HIgh Impedance 
tOSHOTZ 
180 
160 
m 
24 
oTACK 
Low 
10 OS-In HIgh 
IOTlOSH 
0 
0 
- 
n. 


25 
~WldlhLow 
'REal 
2.0 
20 
c1k. per. 


26 
REO 
Low 
10 BR Low 
IAEl8AL 
250 
200 
n. 


27 
Clock 
HIgh to BJ'{ Low 
tCH8AL 
F'll.1- 
- 
70 
- 
60 
n. 


'8 
Clock 
H,gh '0 
HIgh 
ICHBAH 
Fig.a 
- 
70 
- 
60 
m 


29 
8G 
Low 
10 8GACK 
Low 
IBGLSL 
45 
45 
- 
clio. Per 


30 
BA 
Low 
10 MPU Cycle 
End tAS 
In HIgh) 
ISALASH 
0 
0 
n. 


31 
MPU Cycle 
End 
(AS In Hlghl 
10 BGACK 
I_OW 
IASH8L 
4.5 
5.5 
45 
5.5 
clio. per 


32 
REa 
Low 
10 BGACK 
Low 
IAEOLBL 
12.0 
120 
elk. 
per. 
33 
Clock 
HIgh 10 BGACK 
HIgh 
ICHSl 
- 
70 
- 
60 
n. 
34 
Clock 
HIgh 10 BG-ACK 
HIgh 
ICHBH 
70 
60 
n. 
35 
Clock 
Low 
10 BGACK 
HIgh 
Impedance 
ICLSZ 
80 
70 
n. 


36 
Clock 
HIgh 10 FC Vil,d 
'CHFCV 
100 
90 
n. 
". 
Clock 
H,gh 10 Address 
Valid 
ICHAV 
- 
120 
- 
110 
n. 


38 
Clock 
H,gh 10 AddressfFC/oata 
High 
Impedance 
ICHAZ. 
- 
100 
100 
n. 


3. 
Clock 
Hlgtllo 
Address/FC/oata 
InvalId 
ICHAZn 
0 
0 
Of 
40 
Clock 
Low 
10 Address 
HIgh 
Impe(jltflCI 
ICLAZ 
- 
100 
90 
n. 
41 
Clock 
HIgtlio 
~ 
Low 
ICHUL 
70 
60 
m 


42 
Clock 
Hlgtllo 
UAS 
HIgh 
tCHUH 
- 
70 
- 
60 
n. 
43 
Clock 
Low 
10 UAS 
HIgh 
Imped.nce 
ICLUZ 
80 
70 
m 
44 
UA:S" HIgh 10 Address 
Inv.lld 
IUHAI 
30 
20 
n. 
45 
Clock 
HIgh 10 AS, OS Low 
ICHSl 
- 
60 
- 
55 
n. 
46 
Clock 
Low 
10 OS Low 
(wrole) 
ICLOSL 
60 
55 
n. 
47 
Clock 
Low 
to AS. DSHlgtl 
ICLSH 
- 
70 
- 
60 
m 
48 
Clock 
Low 
10 AS. OS Hlgtllmpedance 
IClSZ 
80 
- 
70 
n. 


4. 
AS W,dth 
Low 
IASl 
255 
'.5 
n. 
50 
W,dth 
Low 
IOSl 
190 
145 
m 
51 
AS. i53: WI~;hh HIgh 
'SH 
150 
- 
105 
- 
m 


S2 
Addfl./FC 
Valid 
to J:S",l5$ Low 
IAVSl 
30 
20 
n. 
53 
AS, 
OS HIgtl 
10 Addrus/FC/oala 
Invahd 
ISHAZ 
30 
20 
m 
54 
Clock 
HIgh 
to AIW 
Low 
, HR' 
- 
70 
- 
60 
n. 


55 
Clock 
High 
10 A/W 
HIgh 
ICHAH 
70 
60 
n. 
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8MH, 
10MHz 


Test 
H068450·8 
H0684S0 
10 
Un;' 
No. 
Item 
Symbol 
ConditIon 
HD68450Y·8 
HD68450Y-l0 


min 
m" 
min 
m" 
56 
Clock 
Low 
10 R{W 
High 
Impedance 
tCLRZ 
- 
80 
- 
70 
m 


57 
Address/Fe 
Valid 
10 R/W 
Low 
IAVFlL 
20 
10 
"' 
58 
R/W 
Low 
to OS 
Low 
(writel 
'RL$L 
120 
- 
90 
- 
"' 
59 
os H;gh 
to R/W 
High 
'SHFlH 
.0 
- 
20 
- 
m 


60 
Clock 
Low 
10 0WJil 
Low 
'CLOL 
- 
70 
60 
"' 
61 
Clock 
Low 
to OWN 
High 
lCLOH 
70 
60 
m 


62 
Clock 
High 
10 OWN High 
Impedance 
'CHOZ 
- 
80 
- 
70 
"' 
63 
OWN 
Low 
10 ~low 
'OLBL 
30 
- 
20 
"' 
64 
Ei'GACR 
High 
10 OWN 
High 
'SHOH 
30 
20 
"' 
65 
OWN 
Low 
10 UAS 
Low 
'OLUL 
30 
20 
"' 
66 
Clock 
High 
to ACt< 
Low 
lCHACL 
70 
60 
m 
67 
Clock 
Low 
to ACK 
Low 
'CLACL 
- 
70 
- 
60 
m 
68 
Clock 
HIgh 
10 ACK 
H'gh 
'CHACH 
- 
70 
60 
m 


69 
ACK 
low 
10 OS Low 
'ACLOSL 
100 
- 
80 
- 
"' 
70 
OS 
H,gh 
10 ACK 
High 
'OSHACH 
30 
- 
20 
- 
"' 
71 
Clock 
High 
to HIBYTE 
Low 
'CHHIL 
- 
70 
60 
m 
72 
Clock 
Low 
10 HIBYTE 
Low 
tCLHIL 
70 
60 
m 
73 
Clock 
H,gh 
to ~High 
tCHHIH 
- 
70 
- 
60 
"' 
74 
Clock 
Low 
10 HI BYTE 
H,gh 
Impedance 
ICLHI2 
- 
80 
- 
70 
"' 
75 
Clock 
High 
10 Ole Low 
'CHDTL 
70 
60 
"' 
76 
Clock 
High 
\0 ~ 
HIgh 
'CH01H 
Fig.l- 
- 
70 
- 
60 
"' 
n 
Clock 
Low 
to DTC 
High 
Impedance 
tCl..OTZ 
F,g.B 
- 
80 
- 
70 
"' 
78 
DTC 
Width 
Low 
tOTCL 
105 
80 
"' 
79 
I 0Tl:: 
Low 
10 
H,gh 
tOTLOH 
30 
20 
"' 
80 
Clock 
H,gh 
to DONE 
Low 
ICHDOL 
- 
70 
- 
60 
"' 
81 
Clock 
Low 
lO DONE 
Low 
tCLOOL 
70 
60 
"' 
82 
Clock 
High 
to UUNt: 
High 
lCHOOH 
- 
130 
- 
120 
"' 
83 
Clock 
Low 
10 OOIA 
H,!~h Impedance 
lCLDRZ 
- 
80 
70 
"' 
8' 
Clock 
Low!O 
DBEN 
High 
Impedance 
lCLOBZ 
80 
70 
"' 
85 
UUIH 
Low 
to U~t:N low 
tOALOBL 
30 
- 
20 
- 
"' 
86 
DBEN 
H,gh 
10 DOIR 
HIgh 
tOBHDAH 
30 
- 
20 
- 
"' 
87 
OBEN 
low 
!O AddresslOala 
H,gh 
Impedance 
lOBLAZ 
17 
17 
"' 
88 
Clock 
low 
10 PCl 
Low 
11/B clock] 
lCLPL 
- 
70 
- 
60 
"' 
89 
Clock 
low 
10 
l 
H,gh 
(liB 
clock) 
lCLPH 
- 
70 
- 
60 
"' 
90 
PCi 
W,dlh 
Low 
11/8 clockl 
lPCLL 
'.0 
'.0 
clk. 
pe, 
91 
~ 
Low 
10 Data 
In (setup 
lime] 
lDALDI 
150 
115 
"' 
92 
OS H,gh 
10 Dala 
Invalid 
(hold 
lIme) 
ISHDI 
0 
- 
0 
- 
"' 
93 
OS High 
10 DTACK 
High 
ISHOAH 
0 
120 
0 
90 
"' 
9' 
Data 
OUl 
Valid 
to OS Low 
IOOSL 
0 
0 
"' 
95 
Oala 
In 10 Clock 
low 
(selup 
lime) 
tOICL 
15 
- 
15 
- 
"' 
96 
BEC 
Low 
10 DTACK 
LOw 
tseCOAL 
50 
- 
50 
- 
"' 
97 
aTCW,dlh 
Low 
lBECL 
2.0 
2.0 
elk. 
per 
98 
Clock 
H,gh 
to IRQ 
Low 
ICHIAL 
- 
70 
- 
60 
"' 
99 
Clock 
H,gh 
10 fR(JHigh 
lCHIAH 
- 
130 
- 
~20 
"' 
100 
READY 
In to t:>T""CLow 
(Read) 
lAALOTL 
145 
120 
"' 
101 
READY 
In 10 DSLow 
(Wrile] 
lAAlOSL 
205 
- 
170 
- 
"' 
102 
5SHighl0~Hlgh 
IOSHRAH 
0 
120 
0 
90 
"' 
103 
DONE 
In low 
10 ~Low 
!OOLOAL 
50 
50 
"' 
104 
lJS" H,gh 
to UUNt: 
In H,gh 
lDSHDOH 
0 
120 
0 
90 
"' 
105 
Asynchronous 
Inpu! 
Hold 
T,me 
tASIH 
15 
15 
"' 
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OMA~ 


Cycle 
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43 
.. ~ 


50 
t~ 
-r-t 
.~ 
'''9. 
~r 


~- 
~h 
!~ 


I 
\ 
;r;:. 


~ 
701 


I 
"T 


=i 
~ 
~ 
HI8YTE 
r-- 
-;' 
I. 
'I 


DTACK-----I 
~ " 
~ 
I 
\ 


OTC 
r!! 
~·W 


ACK, 
-15~ 
" 
It 


ACK 
'00 
-,,- 
'\. 
!o- 


DONE 
" 
,,'1 


il\"Q" 
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CLK 


FCo-FCf 


.'-"'1 


•••/00- 
..•.u/D.s 


08t81n 


UAS 


As 


UOS 


LOS 


R/W 


OWN 


OOIR 


oeeN 


HIBYTE 


OTACK 


orc 


ACK 


peL·· 


97 
BEC··· 


Data 
are latched 
at the end of clock 
7. This 
timing 
is the same as HOB800D. 


This 
timing 
is not 
related 
to 
DMA 
Read/Write 
(Dual 
Cycle) 
sequence. 
This 
timing 
is only 
applicable 
when 
1/8 clock 
pulse 
mode 
is selected. 
This 
timing 
is applicable 
when 
a bus exception 
occures. 


If #6 
is satisfied 
for 
both 
DTACK 
and 
BEC. 
#96 
may 
be Ons. 


If the propagation 
delay 
of the external 
bidirectional 
buffer 
LS245 
is less than 
17nsec, 
the conflict 
may 
occur 
between 
the address 
output 
of the 


OMAC and the system data bus. In this case, the output 
of DBEN must be delayed 
externally. 
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ClK 


AI -A7 


XOo 
-- XDlS 


UAS 


AS 


UDS 


lDS 


R/W 


OWN 
low 


H'BYTE 
High 


DTACK 


DONE 
IN 


ACK. 


ACK, 


DTC 


ClK 


(NOTES 
for 
Figure 
3 through 
8) 


1) Setup time for the asynchronous 
inputs eG. SGACK, CS. lACK, AS, UDS, LOS, and RNi guarantees 
their recognition 
at the next 
falling 
edge of the 
clock. 
Setup 
time 
for 
BECo 
-- BEe1• 'R'EQo - Am), 
PCLo 
-- PCL). 
l5TACK. 
and l5O"FJl:guarantees 
their 


recognition 
at the next 
rising 
edge of the clock. 


2) 
Timing 
measurements 
are referenced 
to and 
from 
a low 
voltage 
of 0.8 
volts 
and a high 
voltage 
of 2.0 volts. 


31 
These 
waveforms 
should 
only 
be referenced 
in regard 
to the edge·to-edge 
measurement 
of the 
timing 
specifications. 
They 
are not 


intended 
as a functional 
description 
of the 
input 
and output 
signals. 
Refer 
to other 
functional 
descriptions 
and 
their 
related 
diagrams 


for device operation. 
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• 
SIGNAL 
DESCRIPTION 


The 
following 
section 
identifies 
the 
signals 
used 
in 
the 
DMAC. 
In the 
definitions, 
"MPU 
mode" 
refers 
to 
the 
state 


when 
the 
DMAC 
is chip 
selected 
by MPU. The 
term 
"DMA 
mode" 
refers to the state when the DMAC assumes ownership 
of 
the bus. The DMAC is in the "IDLE 
mode" 
at all other 
times. 
Moreover, 
the 
DMA bus cycle 
refers 
to the bus cycle 
that 
is 
executed 
by the DMAC in the "DMA mode". 
NOTE) 
In this data sheet, the state of the signals is 
described with these words: active or assert. inactive 
or negate. 
This is done 
to avoid confusion 
when dealing with a mixture 


of 
"active-low" 
and 
"active-high" 
signals. 
The 
term 
assert 
or 


assertion 
is used 
to indicate 
that a signal 
is active 
or true inde- 


pendent 
of whether 
that voltage is low or high. The term negate 


or negation 
is used to indicate 
that a signal is inactive 
or false. 


As-A23 
Do-DIS 
-REOo 


A,-A7 
ACKo 
PCLo 
CS 
AS 
~ 
REO, 


DDS 
ACK, 


RW 
peL, 
DTACK 


SA 
REO, 
BG 
HD6S45D 
ACK, 


BGACi< 
PeG 
DMAC 
IRQ 
REO, 
TAU 
~ 
pel] 


OWN 
VAS 
~ 
DilEl'f 
DDIR 
DONE 


SEC, 
BEG, 
SEC, 
DTC 


FCo 
FC, 
FC, 


Input/Output 
Active-high 


These 
lines arc time 
multiplexed 
for address 
and data bus. 
The lines DDlR, 
DBEN, UAS and OWN are used to control 
the 
demultiplexing 
of 
the 
data 
and 
address 
lines externally. 
00- 


multiplexing 
is explained 
in the later section. 
The bi-directional 


data bus is used to transfer 
data between 
DMAC, MPU, memory 


and I/O devices. 


Address 
lines are outputs 
to address memory 
and I/O devices. 


• 
Address 
Bus (A I through 
A7) 


Input/Output 
Active-high 


In the MPU mode, 
the DMAC internal 
registers 
are accessed 
with 
these 
lines 
and 
LDS, 
UDS. 
The 
address 
map 
for these 


registers 
is shown 
in Table 
I. During a DMA bus cycle, 
A I -A7 


are outputs 
containing 
the low order address 
bits of the location 


being accessed. 


Output 
Active-high 


These 
output 
signals 
provide 
the 
function 
codes 
during 


DMA bus cycles. 
They arc three-stated 
except 
in the DMA bus 


cycles. They are used to control the HD68000 memories.ISee 
Artell- 


rioll 
011 Usage, 
Nore (6)./ 


• 
Clock (CLK) 


This is the input 
clock to the HD68450, 
and should 
never be 


terminated 
at any 
time. 
This clock 
can be different 
from 
the 


MPU clock since HD68450 
operates 
completely 
asynchronously. 


• 
Chip Select (CS) 


Input 
Active low 


This input 
signal is used to chip select 
the DMAC in "MPU" 


mode. 
If the CS input 
is asserted 
during 
a bus cycle which 
is 


generated 
by the 
DMAC, 
the 
DMAC internally 
terminates 
the 


bus cycle 
and signals an address 
error. 
This 
function 
protects 


the DMAC from accessing its own register.fSee 
Attention 
on Usage, 


Note 
(5)./ 


• 
Address Strobe 
(AS) 


In the 
"MPU 
mode", 
this line is an input 
indicating 
valid 
address 
input, 
and during 
the DMA bus cycle 
it is an output 
indicating 
valid 
the 
address 
output 
from 
the 
DMAC 
on 
the 


address bus. 


The DMAC monitors 
these input 
lines during bus arbitration 
to determine 
the completion 
of the bus cycle by the MPU or 


other bus masters. 


• 
Upper Address 
Strobe 
lUASI 


Output 
Active 
low 


This line is an output 
to latch 
the upper 
address 
lines on the 


multiplexed 
data/address 
lines. 
It is three-stated 
except 
in the 


"DMA mode". 
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This line is asserted 
by the DMAC during DMA mode, 
and is 


used 
to control 
the 
output 
of the address 
line latch. 
This line 
may 
also 
be 
used 
to 
control 
the 
direction 
of 
bi-directional 


buffers 
when 
loads 
on AS, LDS, 
UDS, 
R/W and other 
signals 
exceed 
the 
drive 
capability. 
It 
is three-stated 
in the 
"MPU 


mode" 
and the "IDLE 
mode" 


• 
Data Direction 
(DBTR) 


Outputs 
Three-statable 


Active low 
(when data direction 
is input 
to 


the DMACj 
Active high (when the data direction 
is output 


from the DMACj 


This line controls the direction 
of data through the bidirectional 


buffer which is used to demultiplex 
the data/address 
lines. It is three- 
stated during the "IDLE 
mode" 


This 
line 
controls 
the 
output 
enable 
line 
of bidirectional 


buffers 
on the multiplexed 
data/address 
lines. It is a three-stated 


during the "IDLE 
mode" 


• 
High Byte (HIBVTE) 


Output 
Active low 


This line is used when 
the operand 
size is byte 
in the single 
addressing 
mode. 
It is asserted 
when 
data 
is present 
on the 
upper 
eight 
bits of the data bus. It is used to control 
the output 


of bidirectinnal 
buffers 
which 
connects 
the upper 
eight 
bits of 


the 
data bus with 
the lower eight bits. 
It is three-stated 
during 
the "MPU mode" 
and the "IDLE 
mode" 


• 
ReadlWrite 
(RM) 


Input/Output 
Active low (write) 
Active high (read) 


This 
line 
is an 
input 
in the 
"MPU 
mode" 
and an output 
during 
the 
"DMA 
mode". 
It is three-stated 
during 
the "IDLE 


mode". 
It is used to control 
the direction 
of data now. 


These 
lines 
arc extensions 
of 
the 
address 
lines 
indicating 
which 
byte 
or bytes 
of data 
of the addressed 
word 
are being 


addressed. 
These 
lines 
combined 
corresponds 
to 
address 
line 


Ao in table 
I. 


In 
the 
"MPU 
mode", 
this line is an output 
indicating 
the 
completion 
of Read/Write 
bus cycle by the MPU. 


In the "DMA mode", 
the DMAC monitors 
this line to deter- 


mine 
when 
a data 
transfer 
has completed. 
In the event 
that 
a 


bus exception 
is requested, 
except 
for HALT, 
prior 
to or con- 
current 
with 
DTACK, 
the DTACK 
response 
is ignored 
and the 


bus exception 
is honored. 
In the 
"IDLE 
mode", 
this signal is 


three-stated. 


• 
Bus Exception 
Controls 
(BE"C;; through 
BEC;") 


Input 
Active low 


These 
lines 
provide 
an encoded 
signal 
input 
indicating 
an 
exceptional 
condition 
in the DMA bus cycle. See bus exception 
section 
for details. 


• 
Bus Request 
(SR) 


Output 
Active low 


This output line is used to request ownership 
of the bus by the 


DMAC. {See Attention an Usage. Nates (8). (9).J 


• 
Bus Grant 
(BG) 


This line is used to indicate 
to the DMAC that it is to be the 
next b~ 
master. 
The DMAC cannot 
assume bus ownership 
until 
both 
AS and 
BGACK becomes 
inactive. 
Once 
the 
DMAC ac- 


quires the bus, it does not continue 
to monitor 
the BG input. 


Bus Grant 
Acknowledge 
(BGACK) 
is a bidirectional 
control 
line. As an output, 
it is genetated 
by the DMAC to indicate 
that 


it is the bus master. 


As an input. 
BGACK is monitored 
by the DMAC, in limited 


rate 
auto-request 
mode, 
to 
determine 
whether 
or 
not 
the 
current 
bus 
master 
is a DMA device 
or not. 
BGACK 
is also 


monitored during bus arbitration in order to assume bus ownership. 
{See Attention on Usage, Nates (8), (9).J 


• 
Interrupt 
Request 
(IRQ) 


Output 
Active low 


• 
Interrupt 
Acknowledge 
(JACK) 


Input 
Active low 


This line is an input 
to the DMAC indicating 
that the current 


bus cycle 
is an interrupt 
acknowledge 
cycle by the MPU. The 
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DMAC responds 
the interrupt 
vector 
of the channel 
with 
the 
highest 
priority 
requesting 
an interrupt. 
There 
are two kinds of 
the interrupt 
vectors 
for each 
channel: 
normal 
(NIV) or error 
(EIV). 
lACK 
is not 
serviced 
if the 
DMAC has not 
generated 
TRQ". 


• 
Channel 
Request 
(REOo through 
REO,) 


Input 
Active low or falling edge 


These 
lines 
are 
the 
DMA transfer 
request 
inputs 
from 
the 


peripheral 
devices. 
These lines are falling edge sensitive 
inputs when the request 


mode 
is cycle 
steal. 
They 
are 
low-level 
sensitive 
when 
the 
request 
mode is burst. 


• 
Channel 
Acknowledge 
lACK; 
through 
ACK3) 


Output 
Active low 


These 
lines indicate 
to the 
I/O device 
requesting 
a transfer 
that 
the 
request 
is acknowledged 
and the transfer 
is to be per- 
formed. 
These lines may be used as a part of the enable circuit 


for bus interface 
to the peripheral. 


The four lines (pCLo 
- 
PCL,) 
are multi-purpose 
lines which 


may 
be individually 
programmed 
to be a START 
output, 
an 
Enable 
Clock 
input, 
a READY 
input, 
an ABORT 
input, 
a 
STATUS input, or an INTERRUPT 
input. {See Attention on Usage, 
Note (2).{ 


• 
Done (DONE) 


Input/Output 
Active low 


As 
an 
output, 
this 
line is asserted 
concurrently 
with 
the 


ACKx timing 
to indicate 
the last data transfer 
to the peripheral 


device. 
As 
an input, 
it allows the peripheral 
device to request 
a 
normal termination 
of the DMA transfer. 
{See Attention on Usage. 


Note (2)./ 


• 
Device Transfer 
Complete 
(DTC) 


This line is asserted 
when 
the DMA bus cycle has terminated 
normally 
with no exceptions. 
It may be used to supply the data 
latch 
timing to the peripheral 
device. In this case, data is valid at 
the falling edge of DTC. 


• 
INTERNAL 
ORGANIZATION 


The DMAC has four independent 
DMA channels. 
Each chan- 
nel has its own 
set of channel 
registers. 
These 
registers 
define 


and control 
the activity 
of the DMAC in processing 
a channel 


operation. 
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Figure 10 Internal 
Registers 
• Register Organization 
The 
internal 
register 
addresses 
arc represented 
in Table I. 


Address 
space 
not 
used 
within 
the address 
map is reserved 
for 


future 
expansion. 
A read 
from 
an unused 
location 
in the map 


results 
in a normal 
bus cycle 
with 
all ones 
for data. 
A write 


to one 
of these 
locations 
results 
in a normal 
bus cycle but no 


write occurs. 
Unused bits of the defined 
registers 
in Table 
I read as zeros. 


Table 
1 Internal 
Register Addressing 
Assignments 


Address 
Btts 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Mode 


Channel 
Status 
Register 
c 
c 
0 0 0 0 0 0 
R W· 


Channel 
Error 
Register 
c 
c 
0 0 0 0 0 
1 
R 
Device 
Control 
Register 
c 
c 
0 0 0 
1 
0 0 
R 
W 


Operation 
Control 
Register 
c 
c 
0 0 0 
1 
0 
1 
R 
W 


Sequence 
Control 
Register 
c 
c 
0 0 0 
1 
1 
0 
A 
W 


Channel 
Control 
Register 
c 
c 
0 0 0 
1 
1 
1 
R 
W 
Memory 
Transfer 
Counter 
c 
c 
0 0 
1 
0 
1 
b 
R 
W 
Memory 
Address 
Register 
c 
c 
0 0 
1 
1 
s 
s 
A 
W 


Device 
Address 
Register 
c 
c 
0 
1 
0 
1 
s 
s 
A 
W 


Base Transfer 
Counter 
c 
c 
0 
1 
1 0 , b 
R 
W 


Base Address 
Register 
c 
c 
0 
1 
1 
1 
s 
s 
A 
W 


Normal 
Interrupt 
Vector 
c 
c 
1 
0 0 , 0 
1 
A 
W 


Error 
Interrupt 
Vector 
c 
c 
1 
0 0 
1 
1 
1 
A 
W 


Channel 
Priority 
Register 
c 
c 
1 
0 
1 , 0 
1 
A 
W 
Memory 
Function 
Codes 
c 
c 
1 
0 
1 
0 0 
1 
A 
IN 


Device 
Function 
Codes 
c 
c 
1 
1 
0 0 0 
1 
R 
W 


Base Function 
Codes 
c 
c 
1 
1 , 0 0 
1 
R 
W 
General 
Control 
Register 
1 
1 
1 
1 
1 
1 
1 
1 
R 
W 


cc:OO-Channel 
#O,Ol-Channel 
:It1 
10-Channel 
#' 2.11-Channel 
tt 3, 
ss :OO-high-order. 
01·upper 
middle, 


10-lower 
middle,11-low-order 
b: O-high-order. 
l-Iow-order 
• see Channel Status Register Section 


• 
Device Control 
Register 
(OCR) 
The OCR is a device oriented 
control 
register. 
The XRM bits· 
specifies 
whether 
the channel 
is in burst 
or cycle steal request 
mode. 
The 
DTYP 
bits 
define 
what 
type 
of device 
is on the 


channel. If the DTYP bits are programmed 
to be a HD6800 device, 


the PCL definition 
is ignored and the PCL line is an Enable clock 


input. If the DTYPbits 
are programmed 
to be a device with READY, 


the PCL definition 
is ignorcd and the PCL line is a READY input. 


The DPS bit defines the port size (eight or sixteen bits) of peripheral 
device. (A port size is the largest data which the peripheral device can 
transfer during a DMA bus cycle.) the PCL bits define the function of 
the PCL line. If the DTYP 
bits are programmed 
to be HD6800 


device, or Device with ACK and READY, these definitions 
are ig- 
nored. The XRM bits are ignored if an auto-request 
mode (REQG = 
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6 
4 
3 
2 


~~~~-X_-R_-_M-_-_-_-_---D-T-y-p-~I~ 
...__PC_L 
__ 
~ 


XRM 
(EXTERNAL 
REQUEST 
MODE) 
00 
Burst Transfel 
Mode 
01 
(undefined, 
reserved) 
10 
Cycle Sleal Mode withuut 
Hold 


II 
Cycle Sleal Mode with Hold 


DTYP 
(DEVICE 
TYPE) 
00 
HD68000 
compatible 
device, explicitly 
addressed 


(dual addressing 
mode) 
01 
HD6800 
compatible 
device, explicitly 
addressed 


(dual addressing 
mode) 


10 
Device with ALK, implicitly 
addressed 


(single addressing 
mod_e_)__ 


I I 
Device with ACK aod READY, 
implicitly 
addressed 
(single addressing 
mude) 
DPS 
(DEVICE 
PORT SIZE) 
o 
8 bit pall 


I 
16 bit pall 


PCl 
(PERIPHERAL 
CONTROL 
LINE) 
00 
Status 
Input 
01 
Status 
Input with Interrupt 


10 
Stall 
Pulse 


I I 
Abort 
Input 
Bit 1 Not Used 


• 
Operation 
Control 
Register 
(OCR) 


The 
OCR 
is an 
operation 
control 
register. 
The 
DlR 
bit 
defines 
the direction 
of the transfer. 
The SIZE bits define 
the 
size of 
the 
operand. 
The CHAIN 
bits define 
the 
type 
of the 


CHAIN 
mode. 
The REQG bits define how requests 
for transfers 
arc generated. 


6 
ITJ...__ 
S_'_Z_E 
C_H_A_'N__ 
•••__ 
R_E_Q_G__ 


DlR 
(DIRECTION) 
o 
Transfer 
from memory 
to device 
(transfer 
from MAR address 
to OAR address) 
Transfer 
from device to memory 
(transfer 
from OAR address 
to MAR address) 
SIZE 
(OPERAND 
SIZE) 
00 
Byte (8 bits) 
01 
Word (16 bits) 


10 
long 
Word (32 bits) 


I I 
See Note Below 
CHAIN (CHAINING 
OPERATION) 
00 
Chain operation 
is disabled 
01 
(undefined, 
reserved) 
10 
Array Chaining 


I I 
lioked 
Array Chaining 
REQG 
(DMA REQUEST 
GENERATION 
METHOD) 
00 
Auto-request 
at transfer 
rate limited 
by 
General Cootrol 


Register 
(limited 
Rate Auto-Request) 
o I 
Auto-request 
at maximum 
rate 


NOTE: 
If the DMAC is set 10 dual addressing mode. pon size 8 bit.••.external request 
mode. and the data transfer is from peripheral device 10memory. ~I SIZE = II 
In the Operation Control Register (OCR). 


10 
REQ line requests 
an operand 
transfer 


I 1 
Auto-request 
the first operand, 
ex ternal request 
for 
subsequent 
operands 


Bit 6 Not Used 


• 
Sequence 
Control 
Register 
(SCR) 
The 
SCR is used 
to define 
the 
sequencing 
of memory 
and 


device addresses. 


7 
6 
5 
4 


~~_M_A_C 
D_A_C 
__ 


MAC 
(MEMORY 
ADDRESS 
COUNT) 


00 
Memory 
address register does not count 
o I 
Memory 
address 
register counts 
up 


10 
Memory 
address register 
counts 
down 
II 
(undefined, 
reserved) 


DAC 
(DEVICE 
ADDRESS 
COUNT) 
00 
Device address register does not count 
o I 
Device address register counts 
up 
10 
Device address register counts 
down 


II 
(undefined, 
reserved) 


Bits 7,6,5,4 
Not Used 


• 
Channel 
Control 
Register 
(CCR) 
The 
CCR 
is used 
to start 
or terminate 
the operation 
of a 
channel. 
This register 
also determines 
if an interrupt 
request 
is 


to be generated. 
Setting 
the STR 
bit causes immediate 
activa- 


tion of the channel; 
the channel 
will be ready to accept 
request 


immediately. 
The 
STR 
and 
CNT 
bits 
of 
the 
register 
cannot 


be 
reset 
by a write 
to 
the 
register. 
The 
SAB 
bit is used 
to 


terminate 
the operation 
forcedly. 
Setting 
the SAB bit will reset 


STR and CNT. Setting 
the HlT 
bit will halt the channel 
opera- 
tion, and clearing 
the HlT 
bit will resume 
the operation. 
Setting 
start 
bit must 
be done by byte 
access. Otherwise, 
timing error 
occurs. 


STR 
(START 
OPERATION) 


o 
No opera tion is pending 


I 
Start operation 


CNT 
(CONTINUE 
OPERATION) 


o 
No continuation 
is pending 


I 
Continue 
operation 
HLT 
(HALT OPERATION) 
o 
Operation 
not halted 
I 
Operation 
halted 


SAB 
(SOFTWARE 
ABORT) 


o 
Channel 
operation 
not aborted 
I 
Abort channel 
operation 
INT 
(INTERRUPT 
ENABLE) 


o 
No interrupts 
enabled 
1 
Interrupts 
enabled 
Bits 2, 1,0 Not Used 


• 
Channel 
Status 
Register 
(CSR) 
The CSR is a register containing 
the status 
of the channel. 
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cae 
(CHANNEL 
OPERATION 
COMPLETE) 
o 
Channel 
operation 
incomplete 
I 
Channel 
operation 
complete 
BTC 
(BLOCK TRANSFER 
COMPLETE) 
o 
Block transfer 
incomplete 


I 
Block transfer 
complete 
NDT 
(NORMAL 
DEVICE TERMINATION) 
o 
No normal 
device termination 
by OONE i~ 
I 
Device tcrminated 
operation 
normally 
by OONE input 
ERR 
(ERROR 
BIT) 
o 
No errors 
I 
Error as coded 
in CER 
ACT 
(CHANNEL 
ACTIVE) 
o 
Channel 
not active 
I 
Channel 
active 
PCT 
(PCL TRANSITION) 
o 
No PCL transition 
occurred 
I 
PCL transition 
occurred 
PCS 
(THE STATE OF THE PCL INPUT LINE) 
o 
PCL "Low" 
I 
PeL "High" 


Bit 2 Not Used 


• 
Channel 
Error Register 
(CER) 
The CER is an error condition slatus register. The ERR bit of CSR 


indicates if there isan error or not. Bits 0-4 indicate what type of error 
occurred. 
[See AJrenrion 
on Usage. 
Nore 
(3).[ 


7 
6 
5 
ITTI~ 
E_R_R_O_R_C_O_D_E 
_ 


Error Code 
00000 
No error 
0000 I 
Configuration 
error 
000 10 
Operation 
timing error 


00101 
Address error in MAR 
00110 
Address error in DAR 
00 I I I 
Address error in BAR 
0100 I 
Bus error in MAR 
01010 
Bus error in DAR 
0101 I 
Bus error in BAR 


01101 
Count 
error in MTC 
01 ) II 
Count 
error in BTC 
10000 
External 
abort 
1000 I 
Software 
abort 
Bits 7,6, 
5 Not Used 


• 
Channel 
Priority 
Register 
(CPR) 


The CPR is used to define 
the priority 
level of the channel. 


Priority 
level 0 is the highest 
and priority 
level 3 is the lowest 


priority. 


CP (CHANNEL 
PRIORITY) 
00 
Priority 
level 0 
o I Priority 
level I 
10 Priority 
level 2 
II 
Priority 
level 3 
Bit 7 through 
2 Not Used 


• 
General Control 
Register 
(GCR) 
The GCR is used to define 
what 
portion 
of the bus cycles is 


available 
to the DMAC for limited 
rate auto-request 
generation. 


GCR is also used to specify 
the hold 
time for cycle steal mode 


with hold. 


7 
6 
5 
4 
0 
ITHJ 
BT 
BR 


BT (BURST 
TIME) 
The number 
of DMA clock cycles per burst 
that 
the DMAC 


allows 
in the auto-request 
at a limited 
rate 
of transfer 
is con- 
trolled by these two bits. The number is 2(BT+4) 
(two to the BT+4 


power). 
BR (BANDWIDTH 
RATIO) 
The amount 
of the bandwidth 
utilized 
by the auto-request 
at 


a limited rate transfer 
is controlled 
by these two bits. The ratio is 


2(BR+ 
I) (two to the BR + I power). 
The 
hold 
time 
for cycle steal mode 
with 
hold is defined 
to 


be minimum 
of 
I sample 
interval 
and maximum 
of 2 sample 


intervals. A sample interval is defined to be 2(BT + BR + 5) (two to the 
BT + BR + 5 power) clock cycles. 


• 
Address 
Registers 
(MAR, OAR, BAR) 
TInee 
32-bit 
registers 
are utilized 
to implement 
the Memory 


Address 
Register, 
Device Address 
Register, 
and the Base Address 


Register. 
Only 
the 
least 
significant 
twenty-four 
bits 
arc con- 
nected 
to the address 
output 
pins. The content 
of the MAR is 


outputted 
when 
the memory 
is accessed in single or dual adress- 


ing 
mode. 
The 
content 
of 
the 
DAR 
is outputted 
when 
the 


peripheral 
device 
is accessed. 
The contents 
of the BAR is out- 


putted 
when 
reading 
chain 
information 
from 
memory 
in the 


Array Chaining 
Mode or the Linked 
Array 
Chaining 
Mode. It is 


also used 
to set the 
top 
address 
of the next 
block 
transfer 
in 


Continue 
mode. 


• 
Function 
Code Registers 
IMFC, OFC, BFC) 


The 
DMAC has 
three 
function 
code 
registers 
per channel: 


the Memory 
Function 
Code 
Register 
(MFC), 
Device Function 


Code 
Register 
(DFC), 
and 
the 
Base 
Function 
Code 
Register 


(BFC). 
The contents 
of these registers 
are outputted 
from FCo 


through 
FC, 
lines 
when 
an address 
is outputted 
from 
MAR, 


DAR, 
or 
BAR, 
respectively. 
The 
BFC is also used 
to set the 


MFC for the 
transfer 
of the next 
data 
block 
in the Continue 


mode. 
7 


• 
Transfer 
Count 
Registers 
IMTC, BTC) 


Each channel 
has two 
16-bit counters: 
the Memory 
Transfer 


Counter 
(MTC) and the Base Transfer 
Counter 
(BTC). The MTC 
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counts 
the number 
of transfer 
words 
in one block, 
and is de- 


creased by one for every operand 
transfer. 


The BTC is used to count 
the number 
of data blocks 
in the 


Array 
Chaining 
Mode. 
BTC is also used 
to set the number 
of 


operands 
to transfer 
for the next 
data 
block 
in the Continue 


Mode. 


• 
Interrupt 
Vector 
Registers 
(NIV, EIV) 


Each channel 
has a Normal 
Interrupt 
Vector 
register 
and an 


Error Interrupt 
Vector 
register. 


When 
an 
interrupt 
acknowledge 
cycle 
occurs, 
an interrupt 


vector 
is outputted 
from one of those 
registers. 
If the error bit 


(CSR) 
is set for the channel 
with 
interrupt 
pending, 
then con- 


tent 
of 
EIV 
is outputted, 
otherwise 
content 
of NIV 
is out- 


putted. 


• 
OPERATION 
DESCRIPTION 


A 
DMAC 
channel 
operation 
proceeds 
in 
three 
principal 


phases. 
During the initialization 
phase, the MPU sets the channel 


control 
registers, 
supply 
the 
initial 
address 
and the number 
of 


transfer 
words, 
and 
starts 
the 
channel. 
During 
the 
transfer 


phase, 
the 
DMAC accepts 
requests 
for data operand 
transfers, 
and provides 
addressing 
and bus controls 
for the transfers. 
The 


termination 
phase occurs after the operation 
is completed. 
This 
section 
describes 
DMAC operations. 
A description 
of 
the MPU/DMAC 
communication 
is given first. Next, the transfer 
phase 
is covered, 
including 
how the DMAC recognizes 
requests 
and how 
the 
DMAC arranges 
for data 
transfer. 
Following 
this, 
the 
initialization 
phase 
is described. 
The 
termination 
phase 
is 
covered, 
in traducing 
chaining, 
error 
signaling, 
and bus excep- 
tions. 
A description 
of the channel 
priority 
scheme 
rounds 
out 


the section. 


• 
Read/Write 
of the DMAC Registers by MPU 
The MPU reads 
and writes 
the DMAC internal 
registers 
and 
controls 
the 
DMA transfer. 
Figure 
11 indicates 
the timing 
dia- 
gram when 
the MPU reads the contents 
of the DMAC register. 


The MPU outputs 
A,-A", 
FCo-FC" 
AS, R/W, UDS, and LDS, 


and accesses 
the 
DMAC internal 
register. 
The specific 
internal 


register 
is selected 
by AI-A" 
LDS and UDS. The CS and lACK 


lines 
are generated 
by 
the 
external 
circuit 
with 
A.-A" 
and 


FCo-FC,. 
The 
DMAC outputs 
data 
on the 
data 
bus, together 
with 
DDIR, 
DBEN and DTACK. 
The DDiR 
and DBEN control 


the 
bidirectional 
buffer 
on the bus and 
the 
DTACK 
indicates 


that 
the 
data 
has been 
sent or received 
by the 
DMAC. 
Read 
Cycle 
is eighteen 
CLKs. Figure 
12 shows 
the MPU write 
cycle. 


Write cycle is fifteen CLKs. 


Note the following 
points. 
(I) 
The clock reference 
shown in this figure is the DMAC input 
clock. 
(2) 
The DDiR 
and the DBEN are three-stated 
at the beginning 


which detects 
CS and the ending of the cycle. 


(3) 
During 
the 
MPU read 
cycle, 
the 
DTACK 
is asserted 
after 


the data is valid on the system 
bus. 


(4) 
During 
the MPU write 
cycle, 
the DDiR 
line will be driven 


low to direct 
the data buffers 
toward 
to DMAC before 
the 


buffers 
arc enabled. 


(5) 
During 
the MPU write 
cycle, 
the DMAC will latch the data 


before 
asserting 
DT ACK. 
Then 
it will negate 
DBEN and 


DDiR in the proper 
order. 


(6) 
After 
the MPU cycle and the LDS and the UDS arc negated 


by 
the 
MPU, 
the 
DMAC will put 
DBEN, 
DDiR 
and 
the 


address data lines to a high impedance 
state. 


(7) 
DTACK will once go "High" 
and then to a high impedance 
state after negating 
LDS and UDS. 
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• 
Bus Arbitration 
The following is the description oflhe bus arbitration. 
The DMAC 


must 
obtain 
the 
ownership 
of 
the 
bus 
in order 
to transfer. 
data. 
Figure 
13 indicates 
the DMAC bus arbitration 
timing. 
It is 
completely 
compatible 
with that of HD68000 
MPU. The DMAC 


asscrts 
thc 
Bus Grant 
(BG) to request 
the bus mastership. 
The 
MPU recognizcs 
thc request 
and assetts 
BG, thcn 
it grants 
the 


ownership 
in the next 
bus cycle. Aftcr 
the end of the current 
cycle 
(AS 
is negated), 
the 
MPU relinquishes 
the 
bus 
to 
the 


DMAC. The DMAC asserts the bus grant acknowledge 
(BGACK) 


to indicate 
that 
it has the bus ownership. 
A half clock before 


BGACK 
is asserted, 
the 
DMAC 
asserts 
OWN. 
OWN is kept 
asserted 
for a half clock 
after 
BGACK is negated 
at the end of 


the 
DMA 
cycle. 
BR 
is negated 
one 
clock 
after 
BGACK 
is 
asserted. 


BG 


(68000 output) 


OWN 


BUS Cvcle 


ACK 
4.5 - 5.5 clocks 


max. 12.5 clocks + lMPU Cycle 
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• 
Device/DMAC 
Communication 


Communication 
between 
peripheral 
devices and the DMAC is 
accomodated 
by five signal lines. Each channel 
has REQ, ACK 


and PCl, 
and the last two lines the DONE and DTC lines, are 


shared among the four channels. 
(1) 
Request 
(REO) 


The 
peripheral 
devices 
assert 
REQ to request 
data transfers. 
See the "Requests" 
section 
for details. 


(2) 
Acknowledge 
(ACK) 


This 
line is used 
to implicitly 
address 
the device which 
is 


transferring 
the 
data 
(This 
device 
is not 
selected 
by address 


lines.) 
It is also 
asserted 
when 
the 
content 
of 
DAR 
is out· 


putted 
during 
memory-to-memory 
transfer 
except 
for the auto- 


request 
mode at a limited 
fatc or at the maximum 
rate. 


(3) 
Peripheral 
Control 
Line (PCl) 
The 
function 
of this line is quite 
flexible 
and is determined 


by the OCR (Device Control 
Register). 


The 
DTYP 
bits 
of 
the 
OCR 
define 
what 
type 
of 
device 
is on the channel. 
If the- DTYP 
bits are programmed 
to 
be a 


HMCS6800 
device, 
the PCl 
definition 
is ignored 
and the PCl 
line is an Enable clock (E clock) input. 
If the DTYP bits are pro- 


grammed 
to be a device 
with 
READY, 
the PCl 
definition 
as 
ignored and the Pel 
line is a ready input. 


PCl 
As a Status 
Input 
The 
PCl 
line 
may 
be programmed 
as a status 
input. 
The 


status 
level of this line can be determined 
by the PCS bit in the 
CSR, 
regardless 
of the PCl 
function 
determined 
by the OCR. 


If a negative 
transition 
occurs 
and remains 
stable 
for a mini· 
mum 
of two clocks, 
the PCT bit of the CSR is set. This PCT 


bit is cleared 
by resetting 
the DMAC or the writing 
"I" 
to the 


PCTbit. 
PCl 
As an Interrupt 


The Pel 
line may be programmed 
to generate 
an interrupt 


on a negative 
transition. 
This enables 
an interrupt 
which 
is re- 


quested 
if the PCT bit of the CSR is set. When using this func- 
tion. it is necessary 
to reset the PCT bit in the CSR before 
the 


PCl 
bit 
in 
the 
DCR 
is set 
to 
interrupt. 
in order 
to 
avoid 


assertion 
of IRQ line at this time. 
PCl 
As a Starting 
Pulse 


The PCl 
line may be programmed 
to output 
a starting 
pulse. 


This 
active 
low starting 
pulse 
is outputted 
when 
a channel 
is 
activated. 
and is "low" 
for a period of four clock cycles. 


PCl 
As an Abort 
Input 


The PCl 
line may be programmed 
to be a negative 
transition 


above 
inpu t which 
terminates 
an operation 
by setting 
the ex· 
ternal 
abort 
error 
in CER. 
It is necessary 
to reset the PCT bit in 


the CSR before 
activating 
the channel 
(Setting 
the ACT bit of 


CCR) so that the channel operation 
is not immediately 
aborted. (See 
Atrentioll all Usage, Nore (2)./ 
Pcr As an Enable Clock (E Clock) Input 
If the DTYP bits are programmed 
to be a HD6800 device, 
the 
PCL 
definition 
is 
ignored 
and 
the 
PCL 
line 
is an 
Enable 
Clock 
input. 
The Enable clock downtime 
must be as long as five 


clock cycles, 
and must be high for a minimum 
of three 
DMAC 


clock 
cycles, 
but 
need 
not 
be synchronous 
with 
the DMAC's 
clock. 
PCl 
As a READY Input 


If 
the 
DTYP 
bits 
are 
programmed 
to 
be 
a device 
with 
READY, 
the Pel 
definition 
is ignored 
and 
the Pel 
line is a 
READY input. 
The READY is an active low input. 


(4) 
DONE (DONE) 


This 
line is an active low Input/Output 
signal with an open 
drain. 
It is asserted 
when 
the 
memory 
transfer 
count 
is ex- 


hausted 
in a single block 
transfer. 
In the 
chaining 
operation, 


DONE 
is asserted 
only 
at 
the 
last 
transfer 
to the peripheral 


device 
of the last data 
block. 
In the continue 
mode, 
DONE is 
asserted 
for each data block. 
It is asserted 
and negated 
in coin- 


cident 
with 
the 
ACK 
line 
for 
the 
last 
data 
transfer 
to 
the 


peripheral 
device. 
It is also outputted 
in coincident 
with 
the 


ACK 
line of the last bus cycle, in which the address 
is outputted 


from 
the 
DAR, 
in 
the 
memory-to-memory 
transfer 
(dual 


addressing 
mode) 
that uses the ACK line. 


The DMAC also monitors 
the state 
of the DONE line during 


the 
DMA bus cycle. 
If the device 
asserts 
DONE 
during 
ACK 


active, 
the DMAC will terminate 
the operation 
after the transfer 
of the current 
operand. 
If DONE is asserted 
on the first byte of 
2 byte operation 
or the first word 
of long word 
operation, 
the 


DMAC does not 
terminate 
the operation 
before 
the whole ope- 


rand transfer 
is completed. 
If DONE is asserted, 
then the DMAC 


terminates 
the 
operation 
by clearing 
the ACT bit of the CSR, 


and 
setting 
the 
COC and 
NDT bits 
of the CSR. 
If both 
the 


DMAC and 
the device 
assert 
DONE, 
the device 
termination 
is 


not 
recognized, 
but 
the 
channel 
operation 
does 
terminate. 


DONE is outputted 
again for the retry exceptions 
bus cycles. 


(5) 
Data Transfer 
Complete 
(DTC) 
DTC is an active 
low signal which is asserted 
when the actual 


data transfer 
is accomplished. 
It is also asserted 
in the bus cycle 


which 
read a chain 
information 
from memory 
in the Chaining 


mode. 
However, 
if exceptions 
are generated 
and the DMA bus 


cycle terminates; 
DTC is not asserted. 
DTC is asserted 
one half 


clock 
before 
lDS 
and UDS are negated, 
and negated 
one half 
clock after lDS 
and UDS are negated. 


• 
Requests 
Requests 
may 
be externally 
generated 
by 
circuitry 
in the 


peripheral 
device, 
or internally 
generated 
by the auto-request 


mechanism. 
The REQG bits of the OCR determine 
these modes. 


The 
DMAC also 
supports 
an 
operation 
in which 
the 
DMAC 


auto-requests 
the first transfer 
and then wait 
for the peripheral 


device to request 
the following 
transfers. 


(1) 
Auto-request 
Transfe •• 
The auto-request 
mechanism 
provides 
generation 
of requests 


within 
the DMAC. These requests 
can be generated 
at either 
of 


two ratcs: 
maximum-ratc 
and limited-rate. 
In the former 
case. 


the channel 
always has a request 
pending. 


The 
limited 
rate 
auto-request 
functions 
by monitoring 
the 


bus utilization. 


Limited-rate 
Auto-request 


Figure 14 DMAC Sample 
Intervals 


In the limited-rate 
auto-request 
the DMAC devides time into 


equal 
length 
sample 
intervals 
by counting 
clock cycles. The end 
of one sample 
interval 
makes 
the beginning 
of the next. 
During 


a sample 
interval, 
the DMAC monitors 
by means of BGACK pin 


the 
system 
bus 
activity 
of 
the 
DMAC and 
other 
bus master 


devices. 
At 
the 
end 
of 
the 
sample 
interval, 
decision 
is made 


whether 
or not 
to perform 
the channel's 
data 
transfer 
during 


the 
next 
sample 
interval. 
Namely, 
based 
on 
the 
activity 
of 


the 
DMAC 
or 
other 
bus 
master 
devices 
during 
the 
current 
sample 
interval, 
the DMAC allows limited-rate 
auto-requests 
for 
some initial portion 
of the next sample interval. 


The 
length 
of 
the sample 
interval, 
and 
the portion 
of the 


sample 
interval 
during 
which 
limited-rate 
auto-requests 
can be 
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made 
(the 
limited-rate 
auto-request 
interval) 
are controlled 
by 
the 
BT and BR bits in the GCR. The. length 
in clock cycles of 
the limited-rate auto-request 
interval is 2(BT+4) (2 raised to the BT +4 
power). 
For 
example, 
if BT equals 
2 and 
the 
DMA 
utiliza- 
tion 
of 
the 
bus was low during 
the 
previous 
sample 
interval, 
then 
thc DMAC generatcs 
the auto-request 
transfers 
during 
the 
first 64 clock cycles. 
The ratio 
of the length 
of the sample 
interval 
to the length 


of the limited-rate 
auto-request 
interval 
is controlled 
by the BR 


bits. 
The 
ratio 
of 
the 
system 
bus 
utilization 
of the MPU to 
other bus master devices including the DMAC is 2(BR+ I) (2 raised to 
the BR + I power). If the fraction of DMA clock cycles during the 
sample interval exceeds the programmed 
utilization level, the DMAC 
will not allow 
limited-rate 
auto-requests 
during 
the next sample 
interval. 


For example, 
if BR equals 
3, then 
at most 
one 
out 
of 
16 


clock cycles during 
a sample 
interval 
can be used by the DMAC 
and other 
bus master 
devices, 
and still the DMAC would 
allow 
limited 
rate 
auto-request 
during 
the 
next 
sample 
interval. 


Therefore, 
from 
the viewpoint 
of long period, 
the ratio of the 
system 
bus utilization 
of the MPU to I/O devices 
including 
the 
DMAC is about 
16: I. The sample 
interval 
length 
is not a direct 
parameter, 
but it is equal to 2(BT+BR+5) clock cycles. 
Thus, 
the 
sample 
interval can be programmed 
between 
32 and 2048 clock 


cycles. 
The 
DMAC 
uses 
the 
BGACK 
to differentiate 
between 
the 


MPU 
bus 
cycle 
and 
DMAC 
or other 
bus 
master 
devices. 
If 


BGACK is active, 
then 
the DMAC assumes 
that 
the bus is used 
by a DMAC or other 
bus master 
devices. 
If it is inactive, 
then 


the DMAC assumes that it is used by the MPU. 


Maximum-rate 
Auto·request 
If the REQG 
bits in the OCR indicate 
auto-request 
at the 
maximum 
rate, 
the DMAC acquires 
the bus after the start bit is 


set and keeps it until the data transfer 
is completed. 


If a request 
is made 
by another 
channel 
of higher 
priority, 


the 
DMAC services 
that 
channel 
and 
then 
resumes 
the 
auto- 


request 
sequence. 
If two 
or more 
channels 
are set 
to 
equal 


priority 
level and maximum 
rate auto-request, 
then the channels 
will rotate 
in a "round 
robbin" 
fashion. 
If the HD68000 compatible 
device is connected to a channel, 
the 


ACK line is held inactive during an auto-request 
operation. 
Conse- 


quently, any channel may be used for the memory-to-memory 
trans- 


fer with the autP-request 
function in addition to the operation of data 


transfer between memory and peripheral 
device with using the REQ 
pin. Refer to Figure 
15 for the timing of the memory-to-memory 
transfer. 
In this mode, the ACK, HIBYTE and DONE outputs are 
always inactive. 
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(2l 
External 
Requests 
If the 
REQG 
bits 
of the OCR indieate 
that 
the 
REQ 
line 


generates 
requests, 
the 
transfer 
requests 
are 
generated 
exter- 


nally. 
The request 
line associated 
with each channel 
allows the 
device to externally 
generate 
requests 
for DMA transfers. 
When 
the device wants 
an operand 
transferred, 
it makes a request 
by 
asserting 
the 
request 
line. The external 
request 
mode 
is deter- 
mined 
by the 
XRM bits of the OCR, which 
allows both 
burst 


and cycle steal request 
modes. 
The burst request 
mode allows a 


channel 
to 
request 
the 
transfer 
of 
multiple 
operands 
using 


consecutive 
bus 
cycles. 
The 
cycle 
steal 
request 
mode 
allows 
a channel 
to 
request 
the 
transfer 
of 
a single 
operand. 
The 


CLK.n.JU1JlJU1.f 


REO 


BR 
BG 


BGACK 
BUS 
CYCLES 
ACt< 
DTC---_o- __ ....• 


ClK 


followings 
are the description 
of the burst 
and the cycle steal 


modes. 
Bu rst Request 
Recognition 
In 
the 
burst 
request 
mode, 
the 
REQ 
line is an active 
low 


input. 
The level sampled 
at the rising edge of the clock. 
Once 


the burst 
request 
is asserted, 
it needs to be held low until 
the 


first 
DMA bus cycle 
starts 
in order 
to insure at least one data 


transfer 
operation. 
In order 
to 
stop 
the 
burst 
mode 
transfer 


after 
the 
current 
bus~le, 
the 
REQ line has to be negated 
one clock before 
the DTC output 
clock of this cycle. 
Refer 
to 


Figure 
16 or the burst mode timing. 


Figure 16 Burst Mode Request 
Timing 
(Only one channel 
is active) 


Cycle Steal Request 
Recognition 
In the 
cycle 
steal 
request 
mode, 
the 
peripheral 
device 
re- 
quests 
the 
DMA transfer 
by generating 
an falling edge at the 


REQ 
line. 
The REQ line needs 
to be held "low" 
for at least 2 


clock 
cycles. 
In the cycle steal mode, 
if the REQ line changes 


from "High" 
to "Low" 
between 
ACK output 
and one clock be- 


fore 
the clock 
that 
outputs 
DTC, then 
the next 
DMA transfer 
is performed 
without 
relinquishing 
the 
bus. 
If the 
bus is not 
relinquished, 
then maximum 
of 5 idle clocks is inserted 
between 
bus 
cycles. 
Refer 
to Figure 
17 for the 
request 
timing 
of the 


cycle 
steal 
mode. 
If 
the 
XRM 
bits 
specify 
cycle 
steal 
with· 


out 
hold, 
the 
DMAC will relinquish 
the bus. 
If the XRM bits 
specify 
cycle steal with hold, 
the DMAC will retain 
ownership. 
The bus is not given up for arbitration 
until 
the channel 
opera- 


tion 
terminates 
or until 
the device pauses. 
The device is deter- 


mined 
to have paused 
if it does not make 
any requests 
during 


the next 
full sample interval. 
The sample interval counter 
is free 


running 
and is not 
reset or modified 
by this mode of operation. 


The sample 
interval 
counter 
is the same counter 
that is used for 


Limited 
Rate 
Auto 
Request 
and is programmed 
via the GCR. 


Figure 
18 shows 
the 
request 
timing 
in 
the 
cycle 
steal 
bus 


hold. 
If the 
REQ 
is inputted 
during 
the hold 
time, 
the 
ACK 


is outputted 
after 
a maximum 
of 
7.5 
clock 
cycles 
from 
the 


picked-up 
clock. 
On the cycle steal with hold mode, 
the DMAC 


will hold 
the bus even when the transfer 
count 
is exhausted 
and 


the last data has been transferred. 
If DMA transfer 
is requested 


from 
other 
channels 
during 
this 
period, 
they 
are 
executed 


normally. 
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Request Recognition 
in Dual-address Transfers 


In a following 
section 
dual-address 
transfers 
are defined. 
Dual 


address transfer is an exception 
to the request recognition 
rules 
in the 
previous 
paragraphs. 
In 
the 
cycle 
steal request 
mode, 


when there 
are two or more 
than 
transfers 
between 
the DMAC 


and 
the 
peripheral 
device 
during 
one operand 
transfer, 
the re- 


quest 
is not 
recognized 
until 
the 
last 
transfer 
between 
the 


DMAC and the I/O device starts. 
(3) 
Mixed Request 
Generation 


A 
single 
channel 
can 
mix 
the 
two 
request 
generation 


methods. 
By programming 
the REQG bits of the OCR to "II", 


when 
the channel 
is started, 
the DMAC auto-requests 
the first 
transfer. 
Subsequent 
requests 
are then 
generated 
externally 
by 
the device. 
The ACK and PCL lines perform 
their normal 
func- 


tions in this operation. 


• 
Data Transfers 
All DMAC data transfers 
are assumed 
to be between 
memory 


and the peripheral 
device. The word 
"memory" 
means 
a 16-bit 


HD68000 
bus compatible 
device. 
By programming 
the DCR, 
the 


characteristics 
of the peripheral 
device may be assigned. 
Each chan- 


nel can communicate using any of the following protocols. 


DTVP 
00 


01 
10 
II 


Device Type 


HD68000 compatible 
device 
} 


HD6800 compatible 
device 


Device with ACK 
} 
Device with ACK and READY 


(1) 
Dual Addressing 
HD68000 and HD6800 compatible 
devices may be explicitly ad- 


dressed. 
This means that before the peripheral 
transfers data, a data 


register within the device must be addressed. 
Because the address bus 


is used to address the peripheral, 
the data cannot be directly transfer- 


red to/from the memory because the memory also requires address- 
ing. Instead, the data is transferred 
from the source to the DMAC and 


held in an internal DMAC holding register. A second bus transfer 
between the DMAC and the destination 
is then required to complete 


the operation. Because both the source and destination of the transfer 
are explicitly addressed, 
this protocol is called dual-addressed. 


HD6BOOO Compatible 
Device Transfers 


In this operation, when a request is received, the bus is 


obtained 
and 
the 
transfer 
is completed 
using 
the protocol 
as 


shown 
in Figures 
19 and 
20. Figures 
21 through 
24 show the 


transfer 
timings. 
Figure 
21 and 24 show 
the operation 
when 


the memory 
is the source 
and the peripheral 
device is the desti- 


nation. 
Figures 
22 and 
23 show 
the 
transfer 
in the opposite 


direction. 
The peripheral 
device is a 16-bit device in Figures 21 
and 22, and a 8-hit device in Figures 23 and 24. 
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Address Device 
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2) Place Address on A I - Au 
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41 Assert Address Strobe 
(ASI 


51 Assert Upper Data Strobe 
f0l5S) and Lower Data 
Strobe (LOS) 
6) 
Assert Acknowledge 
(ACK) 
I 


PreseJt 
Data 
1) Decode Address 
2) 
Place Data on Do - Ou 


3) Assert Data Transfer 
Acknowledge 
(OTACK) 


I 


Acquire 
Data 
1) Load Data into Holding 
Register 


2) 
Assert Device Transfer 
Complete 
(OTC) 
3) Negate ODS and LOS 
4) 
Negate AS, ACK and OTC 
I 


f 


Start 
Next Cycle 


Terminate 
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3) 
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6) 
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, 
t 
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1) Decode Address 
2) Store Data on 
00 
- 0 IS 


3) 
Assert Data Transfer 
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. f 
Terminate 
Output 
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11 Assert Device Transfer 
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3) 
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I 
, 


Start 
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T. 
t 
ermlnate 
Cycle 
11 Negate OTACK I 
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Figure 22 Dual Addressing Mode, ReadlWrite Cycle, 
Source = 16-bit Device, Word Operand 
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Figure 23 Dual Addressing Mode, ReadlWrite Cycle 


Source = 8-bit Device, Word Operand 
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Figure 24 Dual Addressing Mode, ReadlWrite Cycle, 
Destination = 8-bit Device, Word Operand 
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HD6800 
Compatible 
Device 
Transfers 


When a channel is programmed 
to perform HD6800 compatible 


transfers. 
the PCL line for that channel is defined as an Enable clock 


input. The DMAC 
performs 
data transfers 
between 
itself and the 


peripheral 
device using the HD6800 bus protocol. 
with the ACK 


output providing the YMA (valid memory address) signal. Figure 25 


iilustrates this protocol. 
Refer to Figure 26 for the read cycle timing 


and Figure 27 for the write cycle timing. 
In Figure 26. the DMAC 


latches the data at the falling edge of clock 19. so a latch to hold the 
data is necessary as shown in Figure 47. 


Initiate 
Cycle 


1) 
Start 
a normal 
Read 
or Write 


Cvcle 


2) 
Monitor 
Enable 
until 
it is low 


3) 
Assert Acknowledge lACK) 


I 


Transfer 
Aata 


11 
Wait 
until 
Enable 
is active 
2) 
Transfer the Data 


+ 
Terminate 
Cycle 


1) The master waits until Enable 
goes 
low. 


2) 
Assert Device Transfer Complete 
lDTCl 
(On a Read cycle 
the 
data is..!!!£hed as clock goes low 
when DTC is asserted.) 


31 Negate 
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XDo-XD,s 
(External 
System 
Data Bus) 
UAS 


AS 


UOS 


LOS 
RW 
<mN 


OOIR 
liBm 


Address Out 
Data In 
=:JC)IOOlmllnmmnmOOmOlmll 
oll/Il/m 


~ 
-"rr- 


-.lITU 
rr--- 


HIBYTE 


OrACK J 


ACK 
==-------\\ 


!lTC 


PCUE 
Clock) 


CLK 


~HITACHI 


Hitachi America 
Ltd .• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


~'~~~D"1D00WOl 
AO~U=t========D=.=t=.=D=U=t=========~ 


XDo-XD" ~_l_n_"__ 
~l>--<J 
_ 


(External 
System 
Data~:~l 
-----_~w--------------------- 


AS 
~~~ 
_ 


iJOS 


Il5S 


RW 


OWN 


15l5iR 


l5BtN 


fjjjjffi 


DTACK 


ACK 


____ rr--I\ 
~ 
\\ 
rr 


_____ 
0 
rr-\\ 


(2) 
Single Addressing 
Mode 


Implicitly 
addressed 
devices 
arc peripheral 
devices 
selected 
not 
by address 
but by ACK. They 
do not require 
addressing 
of 
data 
register 
during 
data 
transfer. 
Transfers 
between 
memory 
and 
these 
devices 
arc 
controlled 
by 
the request/acknowledge 
protocol. 
Such peripherals 
require 
only one bus cycle to transfer 
data. 
and 
the 
DMAC internal 
holding 
register 
is not used. 
Be- 


cause only 
the memory 
is addressed 
during a data transfer 
and a 
transfer 
done 
in 
only 
on 
bus 
cycle, 
this 
protocol 
is called 
single-address. 
Device with ACK Transfers 


Under 
this protocol, 
the communication 
between 
peripheral 


device and the DMAC is performed 
with a two signal REQ/ ACK 


handshake. 
When 
a 
request 
is generated 
using 
the 
request 
method 
programmed 
in the 
DMAC's internal 
control 
registers, 
the DMAC obtains 
the bus and responds 
with ACK. The DMAC 
asserts all the bus control 
signals required 
for the memory 
acceSS. 
Refer 
to Figure 
28 for the flowchart 
of the data 
transfer 
from 
memory 
to the device with ACK. Figure 29 shows the flowchart 
of 
the 
data 
transfer 
from 
the 
device 
with 
ACK to memory. 
When 
a request 
is generated 
using 
the 
request 
method 
pre>- 


grammed 
in the control 
registers, 
the DMAC obtains 
the bus and 
responds 
with acknowledge. 
The DMAC asserts all HD68000 
bus 
control 
signals 
needed 
for 
the 
transfer:_~~hen 
the 
DMAC 
accepts 
DTACK 
from memory, 
it asserts 
DTC and informs 
the 


peripheral 
device of the transfer 
termination. 
Figure 
30 and 3 J 
show the transfer 
timings 
of the device with ACK: the port size 


for the former 
figure is 8-bit and the latter is 16-bit respectively. 


When 
the transfer 
is from 
memory 
to a device, data 
is valid 
when 
DTACK 
is asserted 
and 
remains 
valid 
until 
the 
data 
strobes 
are negated. 
The assertion 
of DTC from the DMAC may 
be used to latch the data. 
When the transfer is from device to memory, data must be valid on 


the HD68000 bus before the DMAC asserts the data strobes. The data 
strobes are asserted one clock period after ACK is asserted. When the 
DMAC obtains the bus and starts a DMA cycle, the tri-state of the 
OWN line is cancelled a half clock earlier than other control lines. If 
the DMA Cycle terminates 
and the DMAC relinquishes 
the bus, all 


the control signals get tri-stated a half clock before OWN. The DDIR 
and DBEN lines are not asserted in the single addressing 
mode. Four 
clocks cycle is the smallest bus cycle for the transfer from memory to 
device. 
Five clocks cycle is the smallest 
bus cycle for the transfer 
from device to memory. If the device port size is 8-bit, either LDS or 
UDS is asserted. 
In the single addressing 
mode, A,-A" are outputted 
for only one and a half clock from the beginning 
of the DMA bus 
cycle. Therefore 
A, through 
A" needs to be latched externally 
just 
like in the dual addressing 
mode. 
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Figure 30 Single Addressing Mode with 
16·Bit Devices as 
Source and Destination 
(Read·Write Cyclesl 
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Device with ACK and READY Transfers 


Under 
this protocol, 
the communication 
between 
peripheral 
device 
and 
the 
DMAC 
is 
performed 
using 
a 
three 
signal 
REQ/ACK/READY 
handshake. 
The 
READY 
input 
to 
the 


DMAC is provided 
by the PCL line. The READY 
line is active 
low. 
When 
a request 
is generated 
using 
the 
request 
method 


programmed 
in the control 
registers, 
the DMAC obtains 
the bus 


and asserts 
ACK to notify 
the device that the transfer 
is to take 


place. 
The 
DMAC waits 
for READY 
(PCL input), 
which 
is a 


response 
from 
the 
device, 
in addition 
to DTACK 
which 
is a 


response 
from memory. 
When the DMAC accepts both 
signals, it terminates 
the trans- 


fer. Refer 
to Figures 
33 and 34 
for the flowcharts 
of the data 
transfer 
between 
memory 
and 
the 
device 
with 
ACK 
and 
READY. 
Refer 
to Figure 35 for the transfer 
timing of the 8-bit 


device. 
When the data transfer 
is from memory 
to a device, data 


is valid 
from 
the assertion 
of DTACK to the negation 
of LDS 


and UDS. DTC is asserted 
a half clock before 
LDS and UDS are 
negated, 
so this line may 
be used for latching 
the data by the 
peripheral 
device. 
In this case, 
READY 
(pCL 
input) 
indicates 
that the device has received 
the data. Both DTACK and READY 


(PCL input) 
signals are needed 
for terminating 
the DMA cycle. 


When the 
data 
transfer 
is from 
the device to memory, 
data 


must 
be valid 
on the bus before 
the 
DMAC asserts 
LDS and 


UDS. 
Therefore, 
READY 
(PCL input) 
is used 
as the signal to 
indicate 
that the peripheral 
device has outputted 
the data on the 


bus. 
When 
the 
DMAC 
detects 
PeL 
(READY 
input), 
then 
it 


Address 
Memory 
1) Set AM to Read 
2) Place Address on AI - Au 


3) 
Place 
Function 
Codes 
on Feo 
- 
FC~ 
41 Assert Address Strobe 
(AS) 
5) 
Assert Upper Data Strobe (UDS) 


and 
Lower 
Data 
Strobe 
(LOS) 
6) 
Assert 
Acknowledge 
lACK) 
, 


asserts 
LDS and UDS. After asserting 
LDS and ODS, the DMAC 


terminates 
the cycle 
when 
DTACK signal from 
the memory 
is 


detected. 
When Array Chain or Link Array Chain 
is set in Device with 


ACK and READY 
Transfer 
mode, 
READY 
input 
is also neces- 


sary during 
DMA bus cycles for reading 
the chain information 


from memory. 
The circuit 
as shown 
in Figure 
32 may be used 


in 
order 
to generate 
READY 
input 
when 
reading 
the 
chain 


information 
from memory. 


R/W 
AS 
ACKx 


Figure 32 
READY Circuit When Array or Link Array 
Chain is set for Device with ACK and READY 
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Start Next Cycle 
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Address 
Memory 


1) Place Address 
on AI -- Au 
2) 
Place Function 
Codes on FCo ...•FC1 
3) 
Assert 
Address 
Strobe 
(AS) 
4) 
Set RIW to Write 
5) 
Assert 
Acknowledge 
I'ACK) 
..'------------------------------- 
PreJnt 
Data 


1) Place Data on Do ...•Du 
21 Assert R'EAi5Y 
------------------------------_ 
...•' 
J 
Enable 
Data 


11 Assert 
Upper 
Data Strobe 
IUDS) 
and 
Lower 
Data Strobe 
(055) 


_I 
_ 


AccePt 
Data 
1) 
Decode 
Address 


2) 
Load Data 
3) 
Assert 
Data Transfer 


Acknowledge 
IDTACK) 


I 
f 
Terminate 
Transfer 


1) 
Assert 
Device Transfer 
Complete 
IDTcI 
2) 
Negate Ul5Sand 
L5S 
3) 
Negate~. 
ACK and lil'C 


~I 
----------~ 


Terminate 
JYCle 


1) Negate i5TACK, 
f 


Start 
Next Cycle 


FCo-FC1 


AI-A, 


Aa/Do-A23/D15 
XOO-X015 
(External 
System 
Data Bus) 


UAS 


AS 


UDS 
IllS 


RW 


OWN 
lffii1l 
l5l!EN 


H"l'liYff 
~ 
I'rrIAEADYI 


0Tl: 


ACKo 


ACK, 


~~" 
~l~n~"~il>--<lllmll 
~-----UL..J11 
~ 
rrr--m 
J 
~--lll 
Low 


High 


High 


High 
--..JIJln 
_ 
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Operands 
and Addressing 
Three 
factors 
enter 
into 
how 
the 
actual 
data 
is handled: 
port size, operand 
size and address sequencing. 


Port Size 


The OCR is used to program 
the device port size. 


DPS 
Device Port Size 
o 
8 bit port 


I 
16 bit port 


The port 
size is the number 
of bits of data which the device 
can 
transfer 
in a single bus cycle. 
During 
a DMAC bus cycle, 
a 16-bit 
port 
transfers 
16 bits of data on Do - 
D", 
while an 


8-bit port 
transfers 
8 bits of data, either 
on Do - 
D, or on D, 


- 
D1 s. The memory 
is always assumed 
to have a port size of 16. 


Operand 
Size 


OCR is used to program 
the operand 
size. 


SIZE 
Operand 
Size 
00 
Byte 
01 
Word 
10 
Long word 
11 
(undefined, 
reserved) 


The 
operand 
size is the number 
of bits of data to be trans- 


ferred 
to honor 
a single request. 
Multiple 
bus cycles 
may 
be 


required 
to 
transfer 
the 
operand 
through 
the device 
port. 
A 


byte 
operand 
consists 
of 8 bits of data, a word operand 
consists 
of 
16 bits 
of data, 
a long word 
operand 
consists 
of 32 bits of 


data. 
The 
transfer 
counter 
counts 
the 
number 
of 
operands 


transferred. 


Table 2 indicates 
the combinations 
supported 
by the DMAC 


about 
the 
peripheral 
devices 
with 
different 
port 
size 
and 
operand 
sizes 
in the single and dual addressing 
mode. 
In the 


single addressing 
mode, 
port 
size and operand 
size must 
be the 


same. In the dual addressing 
mode, 
byte operand 
cannot 
be used 
when the port size is six teen and the REQG bit is 10 or II. 


Addressing 
Device Type 
Port 
Operand 
REOG bits 
Byte 
Word 
Long Word 
olOCR 


Dual 
68000,6800 
8 
0 
0 
0 
00,01,10,11 
Dual 
68000,6800 
16 
0 
0 
0 
00,01 
Dual 
68000,6800 
16 
X 
0 
0 
10,11 
Single 
. 
withACKor 
8 
0 
X 
X 
00,01,10,11 
ACK& 
READY' 
16 
X 
0 
X 
00,01,10,11 


(3) 
Address Sequencing 
The sequence 
of addresses 
generated 
depends 
upon 
the port 


size, operand size, whether 
the addresses are to count up, down 


or not change 
and whether 
the transfer 
is executed 
in the single 


addressing 
mode 
or 
the 
dual 
addressing 
mode. 
The 
memory 


address 
count 
method 
and the peripheral 
device address 
count 
method 
is programmed 
using the Memory 
address count 
(MAC) 


bit 
and 
the Device 
address 
count 
(DAC) 
bit in the 
Sequence 


Control 
Register (SCR). 


(i) 
Single addressing 
mode 


In the single addressing 
mode, memory 
address sequenc- 


ing is shown 
in Table 3. If the operand 
size is byte, the 


memory 
address 
increment 
is one (I). 
If the 
operand 
size is word, 
the memory 
address increment 
is two (2). If 
the 
memory 
address 
register 
does 
not 
count, 
the 


memory 
address 
is unchanged 
after the transfer. 


If 
the 
memory 
address 
counts 
up, 
the 
increment 
is 


added 
to 
the memory 
address; 
if the memory 
address 


counts 
down, 
the 
increment 
is subtracted 
from 
the 


memory 
address. 
The memory 
address 
is changed 
after 


the operand 
is transferred. 


Port Size 
Operand 
Size 
Memory 
Address 
Increment 


+ (increment) 
- (unchanged) 
- (decrement) 


8 
8yte 
+1 
0 
-1 
16 
Word 
+2 
0 
-2 
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(ii) 
Dual addressing 
mode 


In the dual addressing 
mode, 
the operand 
size need not 


match 
the 
port 
size. 
Thus 
the 
transfer 
of an operand 


may 
require 
several 
DMA bus 
cycles. 
Each 
DMA bus 
cycle, 
between 
memory 
and DMAC and between 
DMAC 
and the device, is called the operand 
part and transfers 
a 
portion 
or 
all 
of 
the 
operand. 
The 
addresses 
of 
the 
operand 
parts 
are in a linear 
increasing 
sequence. 
The 
step 
between 
the 
addresses 
of the operand 
is two. The 
size of the operand 
parts is the minimum 
of the port size 
and 
the operand 
size. The number 
of the operand 
part 


is the operand 
size divided 
by the port 
size. In the dual 


addressing 
mode, 
memory 
is regarded 
as a device whose 
port size is 16-bits. 
If the port size is 16 bits, the operand 
size is byte, and the 


request 
generation 
method 
is auto 
request 
or auto 
request 
at 
a limited 
rate, 
the 
DMAC 
packs 
consecutive 
transfers. 
This 


means 
that 
word 
transfers 
are made from the associated 
address 


with 
an address 
increment 
of two (2). If the initial 
source 
ad- 


dress location 
contains 
a single byte, 
the first transfer 
is a byte 


transfer 
to the internal 
DMAC holding 
register, 
and subsequent 
transfers 
from 
the 
source 
are 
word 
transfers. 
If 
the 
initial 


destination 
location 
contains 
a single byte, 
the first transfer 
is 


a byte 
transfer 
from 
the internal 
DMAC holding 
register, 
and 
any 
remaining 
byte 
remains 
in the holding 
register. 
Likewise, 


if either 
the final source or destination 
location 
contains 
a single 


byte, 
only 
a byte 
transfer 
is done. 
Packing 
is not 
performed 
if the 
address 
does 
not 
count; 
each 
byte 
is transferred 
by a 


separate 
access to the same location. 
The dual address sequenc- 


ing is shown in Table 4. {See Attention on Usage, Note (4).} 


Port Size 
Operand 
Size 
Part Size 
Operand 
Part 
Address 
Increment 


Address 
+ 
- 
- 


8 
Byte 
Byte 
A 
+2 
0 
-2 


8 
Word 
Byte 
A, A+2 
+4 
0 
-4 


8 
Long 
Byte 
A, A+2, A+4, A+6 
+8 
0 
-8 


16 
Byte 
Pack 
A 
+P 
0 
-P 


16 
Word 
Word 
A 
+2 
0 
-2 


16 
Long 
Word 
A,A+2 
+4 
0 
-4 


An Example 
of a Dual Address 
Transfer 


This 
section 
contains 
an example 
of a dual address 
transfer 


using 
Table 4 of Dual-Address 
Sequencing. 
The table is repro- 


duced 
here as Table 
5. The transfer 'mode of this example 
is the 
following: 


I. Device Port size; 
8 bits 


2. Operand 
size; 
Long Word (32 bits) 
3. Memory 
to Device Transfer 
4. Source 
(Memory) 
Counts 
up, Destination 
(Device) Counts 
Down 


5. Memory 
Transfer 
Counter; 
2 


In this mode, 
a data 
transfer 
from 
the 
source 
(memory) 
is 


done 
according 
to the 
6th 
row of Table 5, since the port 
size 


of the memory 
is always 
16 bits. A data tlansfer 
to the destina- 


tion (device) 
is done according 
to the 3rd row of Table 5. 


Table 6 shows the data transfer 
sequence. 


The 
memory 
map of this example 
is shown 
in Table 7. The 


operand 
consists 
of 
8YTE 
A through 
BYTE 
D in memory 


of 
Table 7. 
Prior 
to 
the 
transfer, 
MAR and 
DAR 
arc set to 


00000012 
and 
00000108 
respectively. 
The 
operand 
is trans- 


ferred 
to the 8 bit port device according 
to the order of transfer 


number 
in Table 6. 


Row No. 
Port Size 
Operand 
Size 


Operand 
Operand 
Part Addresses 


Address 
Increment 


Part 
Size 
+ 
; 
- 


1 
8 
BYTE 
BYTE 
A 
+2 
0 
-2 


2 
8 
WORD 
BYTE 
A,A+2 
+4 
0 
-4 


@ 
8 
LONG 
BYTE 
A, A+2, A+4, A+6 
+8 
0 
-8 
"4 
"3 
"5 
"7 
"8 
"10 


4 
16 
BYTE 
PACKCBYTE 
A 
+P 
0 
-P 
or WORD}" 


5 
16 
WORD 
WORD 
A 
+2 
0 
-2 


® 
16 
LONG 
WORD 
A,A+2 
+4 
0 
-4 


"2 
"1 
*6 
*9 
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Table 6 
An Example 
of a Data Transfer 
for One Operand 


SRC: Source 
(Memory), 
DST Destination 
(Device), 
HR: Holding 
Register (DMAC Internal 
Reg.) 


Transfer 
Address 
Data Size 
DMAC Registers after Transfer 
Comment 
No. 
Data Transfer 
Output 
on Bus 
MAR 
OAR 


0 
00סס oo12 
0סס oo108 
Initial 
Register Setting 
- 
- 
- 


SRC ...•HR 
o00ooo12 
WORD 
o00ooo14 
0סס oo108 
Higher order 
16 bits of operand 
is 
1 
'1 
'2 
fetched. 


2 
HR 
...•DST 
00000108 
BYTE 
00000014 
0000010A 
'3 
'4 
Higher order 
16 bits of operand 
is 


0000010A 
BYTE 
o00ooo14 
OOOOO10C 
transferred. 


3 
HR 
...•DST 
'5 
'4 
'10 


4 
SRC ...•HR 
00000014 
WORD 
o00ooo16 
OOOOO10C 
Lower order 
16 bits of operand 
is 


'6 
'2 
'9 
fetched 


5 
HR 
...•DST 
oooo010C 
BYTE 
00000016 
0000010E 
'7 
'4 
Lower order 
16 bits of operand 
is 


0000010E 
BYTE 
0סס oo016 
00000110 
transferred. 


6 
HR 
...•DST 
'8 
'4 
'10 


6' 
- 
- 
00סס oo16 
00000110' 
MAR, OAR are pointing 
the next 
- 
operand 
addresses 
when the 
transfer 
is complete. 


ADDRESS 
ADDRESS 
ADDRESS 


00000010 
o00ooo11 
0סס oo106 


o00ooo12 
BYTE 
A 
BYTE 
B 
o00ooo13 
00000108 
BYTE 
A 


'1 
'1 
'3 
o00ooo14 
BYTE 
C 
BYTE 
0 
o00ooo15 
0000010A 
BYTE 
B 
'6 
'6 
'5 
00סס oo16 
00סס oo17 
0000010C 
BYTE 
C 
'7 
0000010E 
BYTE 
0 
Source 
(Memory) 
'8 
0סס oo110 


• 
Initiation 
and Control 
of Channel 
Operation 


(1) 
Operation 
Initiation 
To 
initiate 
the operation 
of a channel 
the 
STR bit of the 


CCR is set to start 
the operation. 
Setting 
the STR bit causes 
the 
immediate 
activation 
of the channel, 
the channel 
will be 
ready 
to 
accept 
requests 
immediately. 
The 
channel 
initiates 


the 
operation 
by resetting 
the STR bit and setting 
the channel 


active bit in the CSR. Any pending 
requests 
are cleared, 
and the 


channel 
is then 
ready 
to receive requests 
for the new operation. 


If the channel 
is configured 
for an illegal operation, 
the config- 
uration 
error 
is signaled, 
and no channel 
operation 
is run. The 


illegal 
operations 
include 
the 
selection 
of any of the options 


marked 
"(undefined, 
reserved)". 
If the MTC is set to zero in any 


operation 
or BTC is set to zero in the array chaining 
mode, 
then 
the count 
error 
is signaled 
and the channel 
is not activated. 
The 


channel 
cannot 
be started 
if any of the ACT, COC, BTC, NDT 


or ERR 
bits is set in the CSR. In this case, the channel 
signals 
the operation 
timing error. 


(2) 
Operation 
Continuation 
(Continue 
Mode) 


0000010B 


0סס oo100 


0000010F 


00000111 


The continue 
bit (CNT) 
allows multiple 
blocks 
to be trans- 


ferred 
in unchained 
operations. 
The 
CNT 
bit 
is set in order 


to 
continue 
the 
current 
channel 
operation. 
If an 
attempt 
is 


made 
to continue 
a chained 
operation, 
a configuration 
error 


is signaled. 
The 
base address 
register 
and base transfer 
counter 
should have been previously 
initialized. 
The continue 
bit may be sct as the channel 
is started 
or while 


the 
channel 
is still 
active. 
The 
operation 
timing 
error 
bit 
is 
signaled if a continuation 
is otherwise 
attempted. 


When the memory 
transfer 
counter 
is exhausted 
and the con- 


tinue 
bit of the eCR 
is set, the DMAC performs 
a continuation 
of the channel 
operation. 
The basc address, base function 
code, 


and base 
transfer 
count 
registers 
are copied 
into 
the memory 


address, 
memory 
function 
code, 
and 
memory 
transfer 
count 
registers. 
The 
block 
transfer 
complete 
(BTe) 
bit 
of the CSR 
is set, the continue 
bit is reset, 
and the channel 
begins a new 


block 
transfer. 
If the memory 
transfer 
counter 
is loaded 
with 


a terminal 
count, 
the count 
error is signaled. 
(3) 
Operation 
Halting 
(Halt) 
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The CCR has a halt bit which allows suspension 
of the opera- 


tion 
of 
the 
channel. 
If this bit is set, a request 
may 
still be 


generated 
and 
recognized, 
but the DMAC does not attempt 
to 
acquire 
the 
bus 
or 
to make 
transfers 
for the halted 
channel. 


When 
this bit is reset, 
the channel 
resumes 
operation 
and serv- 


ices any request 
that 
may have been received while the channel 
was 
halted. 
However, 
in the burst 
request 
mode, 
the transfer 
request 
should 
be kept asserted 
until 
the initiation 
of the first 
transfer 
after clearing 
the halt bit. 


(4) 
Operation 
Abort 
by Software 
(Software 
Abort) 


Setting 
the software 
abort 
bit (SAB) in the CCR allows the 
current 
operation 
of the channel 
to be aborted. 
In this case, the 
ERR bit and the COC bit in the CSR are set and the ACT bit is 
reset. 
TIle error 
code for the software 
abort 
is set in the CER. 


The SAB bit is designed 
to be reset if the ERR bit is reset. When 


the CCR is read, the SAB always reads as zero(O). 
(5) 
Interrupt 
Enable 


The CCR has an interrupt 
enable 
bit (INT) which allows the 
channel 
to 
request 
interrupts. 
If INT is set, the channel 
can 
request 
interrupts. 
If it is clear, 
the 
channel 
will not 
request 
interrupts. 


• 
Channel 
Operation 
Termination 


As part 
of the transfer 
of an operand, 
the DMAC decrements 
the 
memory 
transfer 
counter 
(MTC). 
If the 
chaining 
mode 
is 


not 
used 
and 
the CNT 
bit is not set or the last block 
is trans- 


ferred 
in the 
chaining 
mode, 
the operation 
of the channel 
is 
complete 
when 
the 
last operand 
transfer 
is completed 
and the 
MTC is zero. 
The 
DMAC notifies 
the peripheral 
device of the 
channel 
completion 
via the DONE output. 


However, 
in the continue 
mode, 
DONE is outputted 
at the 
termination 
of 
every 
data 
block 
transfer. 
When 
the 
channel 


operation 
has 
been 
completed, 
the 
ACT 
bit 
of 
the 
CSR 
is 
cleared, 
and the COC bit of the CSR is set. 


The 
occurrence 
of 
errors, 
such 
as 
the 
bus 
error, 
during 
the 
DMA bus cycle 
also terminates 
the 
channel 
opera tion. 
In 


this case, 
the ACT bit in the CSR is cleared, 
the ERR and the 
COC bits are set, and at the same time the code corresponding 
to the error that occurred 
is set in the CER. 
(1) 
Channel 
Status 
Register 
(CSR) 


The channel 
status 
register contains 
the status of the channel. 


The register, 
except 
for ACT and PeS bits, is cleared by writing 
a one (I) 
into each bit of the register 
to be cleared. 
Those bits 
positions 
which 
contain 
a zero (0) in the wrire 
data remain un- 


affected. 
ACT and PCS bits are unaffected 
by the write 
opera- 


tion. 
COC 


The 
channel 
operation 
complete 
(COC) 
bit 
is set 
if the 


channel 
operation 
has completed. 
The COC bit must be cleared 


in order 
to 
start 
another 
channel 
operation. 
The COC bit is 
cleared ani)' by writing 
a one to this bit or resetting 
the DMAC. 


PCS 
The peripheral 
status 
(PCS) bit reflects 
the level of the PCL 


line regardless 
of its programmed 
function. 
If PCL is at "High" 
level, the PCB bit reads 
as one. 
If PeL 
is at "Low" 
level, the 


PCS bit 
reads 
as zero. The PCS bit is unaffected 
by writing 
to 
the CSR. 
PCT 
The 
peripheral 
control 
transition 
(PCT) bit is set, if a falling 
edge 
transition 
has 
occurred 
on the PCL line. (The 
PCL line 
must 
remain 
at "low" 
level for at least two clock cycles.) 
The 
PCT bit is cleared 
by writing 
a one to this bit or resetting 
the 
DMAC. 
BTC 


Block 
transfer 
complete 
(BTC) bit is set when 
the continue 
(CNT) 
bit 
of 
CCR 
is set 
and 
the 
memory 
transfer 
counter 
(MTC) 
is exhausted. 
The 
BTC bit must 
be cleared 
before 
the 
another 
continuation 
is attempted 
(namely, 
setting 
the CNT bit 
again), 
otherwise 
an operation 
timing error occurs. The BTC bit 
is cleared by writing 
a one to this bit or resetting 
the DMAC. 


NOT 


Normal 
device 
termination 
(NOT) 
bit 
is 
set 
when 
the 
peripheral 
device terminates 
the channel 
operation 
by asserting 


the 
DONE 
line while 
the peripheral 
device was being acknowl- 
edged. 
The NDT bit is cleared 
by writing 
a one to this bit or re- 
setting 
the DMAC. 


ERR 
Error 
(ERR) 
bit is set if any errors have been signaled. When 


the 
ERR 
bit is set, the code corresponding 
to the kind of the 
error 
that occurred 
is set in the CER. The ERR bit is cleared by 
writing a one to this bit or resetting 
the DMAC. 


ACT 


The 
active 
(ACT) 
bit is asserted 
after 
the STR bit has been 
set and the channel 
operation 
has started. 
This bit is remains 
set 


until 
the 
channel 
operation 
is terminated. 
The 
ACT bit is un- 
affected 
by write 
operations. 
This bit is cleared 
by the termi- 


nation 
of the channel 
or resetting 
the DMAC. 


(2) 
Interrupts 
The DMAC can signal the termination 
of the channel 
opera- 


tion by generating 
an interrupt 
request. 
The INT bit of the CCR 


determines 
if an 
interrupt 
can 
be 
generated. 
The 
interrupt 
request 
is generated 
by the following 
condition. 


{j) 
INT = I 


and 


® COC = I or BTC = I or ERR = I or NDT = I or PCT = I 
(the PCL line is an interrupt 
input) 


This may be represented 
as 


IRQ = INT' 
(COC + BTC + ERR + NDT + PCP) 
('PCL 
line is programmed 
as an interrupt 
input.) 


When 
the 
IRQ line is asserted, 
changing 
the INT bit from one 


to zero to one will cause the IRQ output 
to change from "low" 


to 
"high" 
to 
"low" 
again. 
The IRQ" should 
be negated 
by 
clearing 
the COC, the 
BTC, the 
ERR, 
the NDT and 
the PCT 
bits. 


If the DMAC receives 
lACK from the MPU during 
asserting 


the 
IRQ, 
the 
DMAC provides 
an interrupt 
vector. 
If multiple 
channels 
have 
interrupt 
requests, 
the 
determination 
of which 
channel 
presents 
its interrupt 
vector 
is made 
using the 
same 


priority 
scheme defined 
for the channel 
operations. 


The 
bus 
cycle 
in which 
the DMAC provides 
the interrupt 
vector 
when 
receiving 
an lACK 
from 
the 
MPU is called 
the 


interrupt 
acknowledge 
cycle. 
The 
interrupt 
vector 
returned 
to 
the MPU comes 
from 
either 
the normal 
or the error interrupt 
vector 
register. 
The normal 
interrupt 
register 
is used unless the 
ERR bit of CSR is set, in which 
case the error interrupt 
vector 


register 
is used. 
The 
content 
of the interrupt 
vector 
register 
is 


placed 
on Do- 
D" 
and DTACK is asserted 
to indicate 
that the 
vector 
is on the data bus. If a reset occurs, 
all interrupt 
vector 
registers 
are 
set 
to 
$OF (binary 
00001111), 
the value 
of the 


uninitialized 
interrupt 
vector. 
The 
timing 
of 
the 
interrupt 
acknowledge 
cycle 
is shown 
in Figure 36. The HD68000 
MPU 
outputs 
the interrupt 
level into A I -A, and A. -A, is held "high" 


during 
the 
interrupt 
acknowledge 
cycle, 
but 
.the 
HD68450 


DMAC ignores these signals. 
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(3} 
Multiple 
Data Block Transfer 
Operation 


When the memory 
transfer 
counter 
(MTC) is exhausted, 
the 
channel 
operation 
still 
continues 
if the 
channel 
is set to the 


array chaining 
mode 
or the linked 
array chaining 
mode and the 
chain 
is not 
exhausted. 
The 
channel 
operation 
also containes 
if the continue 
bit (CNT) of the CCR is set. The DMAC provides 
the 
initialization 
of 
the 
memory 
address 
register 
and 
the 
memory 
transfer 
coun ter in these cases so that 
the DMAC can 


transfer 
the multiple 
blocks. 
Continued 
Operation 


The 
continued 
operation 
is described 
in the 
Initiation 
and 


the Control 
of the Channel 
Operation 
section. 
Array Chaining 


This type of chaining 
uses an array in memory 
consisting 
of 
memory 
addresses 
and transfer 
counts. 
Each entry 
in the array 
is six bytes 
long and, consists 
of four bytes of address followed 


by two 
bytes 
of transfer 
count. 
The beginning 
address 
of this 
array is in the base address register, and the number 
of entries 
in 


the 
array 
is in the base 
transfer 
counter. 
Before 
starting 
any 
block 
transfers, 
the DMAC fetches 
the entry 
currently 
pointed 


to 
by 
the 
base 
address 
register. 
The 
address 
information 
is 


placed 
in the memory 
address 
register, 
and the count 
informa- 


tion is placed 
in the memory 
transfer 
counter. 
As each chaining 
entry 
is fetched, 
the base transfer 
counter 
is decremented 
by 
one. 
After 
the 
chaining 
entry 
is fetched, 
the 
base 
address 


register 
is incremented 
to 
point 
the 
next 
entry. 
When 
the 


base transfer 
counter 
reaches 
a terminal 
count 
of zero, the chain 


is exhausted, 
and 
the 
entry 
just 
fetched 
determines 
the last 


block of the channel 
operation. 


An example 
of the array 
chaining 
mode 
operation 
and the 


memory 
format 
for 
supporting 
for 
array 
chaining 
is shown 


in Figure 
37. The array 
must 
start 
at an even address, 
or the 


entry 
fetch 
results 
is an address 
error. 
If a terminal 
count 
is 


loaded 
into 
the memory 
transfer 
counter 
or the 
base transfer 
counter, 
the count 
error is signaled. 
Since the base registers may 


be read by the MPU, appropriate 
error 
recovery 
information 
is 


available 
should 
the DMAC encounter 
an error anywhere 
in the 
chain. 
Contents 
of the 
BFC is outputted 
as the function 
code 


when the DMAc 
is accessing the memory 
using the base address 


register. 
The value of the function 
code registers 
are unchanged 


in the array chaining 
operation. 
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HD6BOOO 
MPU ~1 


MAR 


DAR 


BAR 
MTC 
BTC 


• 


peripheral 
device 
address 


top address of 
the 
table 
• 
b~{i;~~~a~s~~~kS 


memory 
address 
A(H) 


memory 
address 
A(L) 


transfer 
count 
A 


memory 
address 8tH) 


memory 
address B(l) 


transfer 
count 
B 


memory 
address 
C(H 
I 


memory 
address C III 


transfer 
count 
C 


1- 
b_IO_c_k_C 
+l ;~:;~; 


memorY~ 
address A 
} transfer 
block 
A 
count 
A 


memoryJ- 
--l 


address B 
) 
transfer 


block 
B 
count 
B 


t::.-:::::==::::::::::::=j 
------- 
peripheral 
device 
address_I---------~ 
peripheral 
device 
or 


memory 


Linked Array Chaining 


This 
type 
of 
chaining 
uses 
a list in memory 
consisting 
of 


memory 
address, 
transfer 
counts, 
and link addresses. 
Each entry 
in the chain list is ten bytes 
long, and consists 
of four bytes of 


memory 
address, 
two bytes 
of transfer 
count 
and four bytes of 


link 
address. 
The 
address 
of the first entry 
in the list is in the 


base address 
register, 
and the base 
transfer 
counter 
is unused. 


Before 
starting 
any 
block 
transfers, 
the 
DMAC 
fetches 
the 


entry 
currently 
pointed 
to 
by 
the 
base 
address 
register. 
The 


address 
information 
is placed 
in the 
memory 
address 
register, 
the count 
information 
is placed in the memory 
transfer 
counter, 


and 
the 
link address 
replaces 
the 
current 
contents 
of the base 


address 
register. 
The channel 
then begins a new block 
transfer. 


As each 
chaining 
entry 
is fetched, 
the 
update 
base 
address 


register 
is examined 
for the terminal 
link which 
has all 32 bits 


equal 
to zero. When 
the new base address 
is the 
terminal 
ad- 


dress, 
the 
chain is exhausted, 
and the entry 
just 
fetched 
deter- 


mines lhe last block of the channel 
operation. 


An example 
of the linked array chaining 
mode operation 
and 


the memory 
format 
for supporting 
it is shown is Figure 38. 


In Figure 
38, the DMAC transfers 
data blocks in the order of 


Block A, Block 
B, anI! Block 
C. In the 
linked 
array 
chaining 
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• 
peripheral 
device 
address 


top address of the table 


• 


memory 
address 
B (H I 


memory 
address 
B(Ll 


transfer 
count 
B 


link address Y(H) 


link 
address 
Y(L) 


memory 
address 
C (H) 


memory address elL) 


transfer 
count 
C 


"All 
0" terminator 


"All 
0" terminator 


memory address A(H I 


memory 
address 
AIL) 


transfer 
count 
A 


link address 
X (H I 


link 
address 
X(L) 


V 
- 


memo,v~ 
address 
C 
block C 
} 
"on,f., 
count C 


memo,!... 
I 
address 
A 


1- 
b_IO_C_k_A 
~ 
transfer 
count 
A 
memo'~b;d 
address B 
block 8 
} "on,f., 
count 8 
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mode, 
the BTC is not used. When the DMAC refers to the linked 


array 
table, 
the value of the BFC is outputted 
as the function 


code. 
The values 
of the 
function 
code registers 
are unchanged 


by the linked array chaining 
operation. 
This type of chaining 
allows entries 
to be easily removed 
or 


inserted 
without 
having 
to 
reorganize 
data 
within 
the chain. 
Since 
the end 
of the chain is indicated 
by a terminal 
link, the 
number 
of 
entries 
in the 
array 
need 
not 
be specified 
to the 
DMAC. 


The 
linked 
array 
table 
must 
start 
at an even address 
in the 
linked 
array chaining 
m<XIe. Starting 
the table at an odd address 
results 
in an address 
error. 
If "0" 
is initially 
loaded 
to 
the 
MTC, 
the 
count 
error 
is signaled. 
Because 
the MPU can 
read 
all of the DMAC registers, 
all necessary 
error recovery 
informa- 
tion is available to the operating 
system. 
The com parisi on of both chaining 
modes is shown in Table 8. 


Chaining 
Mode 
Base Address 
Base Transfer 
Completed 


Register 
Counter 
When 


address of the 
number of data 
Base Transfer 
Array Chaining 
array 
table 
blocks 
being 
Count 
= 0 
transferred 


Linked 
Array 
address of the 
linked 


Chaining 
linked array 
(unused) 
Address = 0 
table 


(4) 
Bus Exception 
Conditions 
The DMAC has three lines for inputting 
bus exception 
condi- 


tions 
called 
BECo, BEC I, and BEC,. 
The priority 
encoder 
can 


be used 
to 
generate 
these 
signals 
externally. 
These 
lines 
are 
encoded 
as shown in Table 9. 


BEC, 
BEC, 
BECo 
Exception 
Condition 


1 
1 
1 
No exception 
condition 


1 
1 
0 
Halt 


1 
0 
1 
Bus error 


1 
0 
0 
Retry 


0 
1 
1 
Relinquish 
bus and retry 


0 
1 
0 
(undefined, 
reserved) 


0 
0 
1 
(undefined, 
reserved) 


0 
0 
0 
Reset 


In order 
to guarantee, 
reliable 
decoding, 
the DMAC verifies that 


the incoming 
code has been statable 
for two DMACclockcycles 


before 
acting 
on 
it. 
The 
DMAC picks 
up BECo-BEC, 
at the 


rising edge 
of the clock. 
If BECo-BEC, 
is asserted 
to the un- 


defined 
code, 
the operation 
of the 
DMAC does 
not 
proceed. 


For example, 
when 
the DMAC is waiting 
for DTACK, inputting 


DTACK 
does not result in the termination 
of the cycle if BECo- 


BEC, 
is asserted 
to the undefined 
code. 
In addition, 
when 
the 


transfer 
request 
is received, 
BR is not 
asserted 
if the 
BECo- 


BEC, 
is not set to no exception 
condition. 


If exception 
condition, 
except 
for HALT, 
is inputted 
during 


the 
DMA bus cycle 
prior 
to, 
or in coincidence 
with 
DTACK, 


the DMAC terminates 
the current 
channel 
operation 
immediate- 


ly. Here 
coincident 
means 
meeting 
the 
same 
set 
up require- 


ments 
for the same sampling 
edge of the clock. 
If a bus excep- 


tion 
condition 
exists, 
the 
DMAC 
does 
not 
generate 
any bus 


cycles 
until 
it is removed. 
However, 
the DMAC still recognizes 


requests. 


Halt 
The 
timing 
diagram 
of halt 
is shown 
in Figure 
39. 
This 


diagram 
shows hal t being generated 
during a read cycle from the 


68000 
compatible 
device 
in the dual 
addressing 
mode. 
If the 


halt 
exception 
is asserted 
during 
a DMA bus cycle, 
the DMAC 


does 
not 
terminate 
the 
bus 
cycle 
immediately. 
The 
DMAC 


waits 
for 
the 
assertion 
of 
DT ACK 
before 
terminating 
the 


bus 
cycle 
so 
that 
the 
bus 
cycle 
is completed 
normally. 
In 
the halted 
state, 
the DMAC puts all the control 
signals to high 


impedance 
and 
relinqUishes 
the bus to the MPU. The 
DMAC 


does not 
output 
the nR until 
halt exception 
is negated. 
When 


halt exception 
is negated, 
the DMAC acquires 
the bus again and 


proceeds 
the 
DMA operation. 
In order 
to insure 
a halt excep- 


tion 
operation, 
the BEe lines must 
be set to halt 
at least until 


the assertion 
of DTC. 


If the 
DMAC 
has 
the 
bus, 
but 
is not 
executing 
any 
bus 


cycle, 
the DMAC relinquishes 
the bus as soon as halt exception 


is asserted. 
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from Device 
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to Memory 


Bus Error 


The 
bus 
error 
exception 
is generated 
by external 
circuitry 
to 
indicate 
the 
current 
transfer 
cannot 
be successfully 
com- 


pleted 
and 
is to be aborted. 
The recognition 
of this exception 


during 
a DMAC 
bus 
cycle 
signals the internal 
bus error 
con- 
dition 
for the channel 
for which 
the current 
bus cycle is being 
run. 
As soon as the DMAC recognizes 
the bus error 
exception, 
the 
DMAC immediately 
terminates 
the bus cycle and proceeds 


to the error 
recovery 
cycle. In this cycle, the DMAC adjusts 
the 


values 
of 
the MAR, 
the 
DAR, 
the MTC and 
the 
BTC to the 


values 
when 
the 
bus 
error 
exception 
occurred. 
25 clocks 
are 


required 
for 
the 
error 
recovery 
cycle 
in the 
single addressing 


mode 
and 
in the read cycle 
of the dual 
addressing 
mode. 
29 


clocks 
are 
required 
in the write 
cycle 
of the 
dual 
addressing 


mode. 
If the 
DMAC does not have any transfer 
request 
in the 


other 
channels 
after 
the error 
recovery 
cycle, 
the DMAC relin· 


quishes the bus. 
The diagram 
of the bus error timing is shown in Figure 40. 
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Bus Error 
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CLK 


• ~·BEC, 
-11011 
•• In the single addressing mode and in the read cycle of the dual addressing mode: 25 clocks 


In the write 
cycle 
of 
the dual 
addressing 
mode: 
29 clocks 
••• 
The OMAC keeps the bus because the other channels have requests pending. If other channels 
do not have requests, 
the OMAC relinquishes 
the bus after the error recovery cycle. 


Retry 
The 
retry 
exception 
causes 
the 
DMAC 
to 
terminate 
the 


present 
operation 
and 
retry 
that 
opera tion 
when 
retry 
is re- 


moved, 
and thus ~i11 not honor 
any requests 
until 
it is removed. 


However, 
the DMAC still recognizes 
requests. 
The retry 
timing 


is shown 
in Figure 41. 
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The 
relinquish 
and 
rerry 
exception 
causes 
the 
DMAC 
to 
relinquish 
the 
bus and 
three·state 
all bus master 
controls 
and 
when 
the exception 
is removed, 
rearbitrate 
for the bus to retry 


the previous 
operation. 


The 
diagram 
of the 
relinquish 
and retry 
timing 
is shown 
in 


Figure 42. 
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Reset 
The 
reset 
provides 
a means 
of resetting 
and initializing 
the 
DMAC. 
If the 
DMAC is bus master 
when 
the reset is asserted, 
the DMAC relinquishes 
the bus. Reset clears GeR, 
OCR, OCR, 


SCR, CCR, CSR, CPR, and CER for all channels. 
The NIV and 
the EIV are all set to (OF) •• , which is the uninitialized 
interrupt 


vector 
number 
for the HD68000 
MPU. MTC, MAR, DAR, BTC, 
BAR, MFC, DFC, and BFC are not affected. 
In order to insure a 
reset, 
BECo - 
BEC, 
must 
be kept 
at "Low" 
level for at least 
ten clocks. 
(5) 
Error Condition. 
When an error 
is signaled 
on a channel, 
all activity 
on that 
channel 
is stopped. 
The ACT bit of the CSR is cleared, 
and the 
COC bit is set. The 
ERR 
bit 
of the CSR is set, and the error 
code is indicated 
in the CER. All pending 
operations 
are cleared, 


so that both 
the STR and CNT bits ofCCR 
are cleared. 
Enumerated 
below are the error signals and their sources. 
(a) 
Configuration 
Error 
- This error occurs if the STR bit is 
set in the following 
cases. 
(i) 
the CNT bit is set at the same time STR bit in the 
chaining 
mode. 


(ii) 
DTYP 
specifies 
a single addressing 
mode, 
and the 
device port size is not the same as the operand 
size. 


(iii) DTYP 
specifies 
a dual addressing 
mode. 
DPS is 16 


bits, SIZE is 8 bits arid REQG is "10" 
or "II". 


(iv) an undefined 
configuration 
is set in the registers. 


The undefined 
configurations 
are: XRM = 01, MAC 


= II,DAC= 
II,CHAIN=OI,andSIZE= 
II. 


(b) 
Operation 
Timing 
Error 
- 
An 
operation 
timing 
error 


occurs in the following 
cases: 


(i) 
when 
the CNT bit is set after 
the ACT bit has been 


set 
by the 
DMAC in the chaining 
mode, 
or when 


the STR and the ACT bits are not set. 


(i1) the STR 
bit is set when 
ACT, COC, BTC, NDT or 


ERR is set. 


(iii) an attempt 
to write 
to the OCR, OCR, SCR, MAR, 


DAR, 
MTC, MFC, 
or DFC is made when 
the STR 
bit or the ACT bit is set. 


(iv) an attempt 
to set the CNT bit is made 
when 
the 


BTC and the ACT bits are set. 


(c) 
Address 
Error - An address error occurs in the following 


cases: 
(i) 
an 
odd 
address 
is 
set 
for 
word 
or 
long 
word 
operands. 
(ii) 
CS or lACK is asserted 
during 
the DMA bus cycle. 


(d) 
Bus Error 
- 
Bus error 
occurs 
when 
a bus error excep- 
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tion is signaled during a DMA bus cycle. 
(e) 
Count 
Error 
- 
A count 
error 
occurs 
in the following 
cases: 
(i) 
The 
STR 
bit 
is set 
when 
zero 
is set in the MTC 
and the MTC and the chaining 
mode is not used. 
(ii) 
the 
STR 
bit is set' when 
zero is set in BTC for the 
array chaining 
mode. 


(iii) zero is loaded 
from memory 
to the BTC or the MTC 
in the chaining modes or the continue 
mode. 
(!) 
External 
Abort 
- 
External 
abort 
occurs 
if an abort 
is 


asserted 
by 
the external 
circuitry 
when 
the PCL line is 


configured 
as an abort 
input 
and the STR or the ACT 


bit is set. 


(g) 
Software 
abort 
- 
Software 
abort 
occurs 
if the SAB bit 


is set when the STR or the ACT bit is set. 


Error Recovery 
Procedures 


If an error 
occurs 
during 
a DMA transfer, 
appropriate 
infor- 
mation 
is available 
to 
the 
operating 
system 
(OS) 
to allow 
a 
software 
failure 
recovery 
operation. 
The operating 
system must 
be able to determine 
how much data was transferred, 
where the 
data was transferred 
to, an what type of error occurred. 
The information 
available 
to the operating 
system consists 
of 
the 
present 
value 
of the Memory 
Address, 
Device Address 
and 


Base Address 
Registers, 
the Memory 
Transfer 
and Base Transfer 


Counters, 
the channel 
status 
register, 
the channel 
error register. 


and the channel 
control 
register. 
After 
the 
successful 
comple- 
tion 
of any transfer, 
the memory 
and 
device 
address 
registers 


points 
to the location 
of the next operand 
to be transferred 
and 


the 
memory 
transfer 
counter 
contains 
the number 
of operands 


yet 
to be transferred. 
If an error 
occurs 
during 
a transfer, 
that 


transfer 
has not completed 
and the registers 
contain 
the values 


they 
had 
before 
the 
transfer 
was 
attempted. 
If the 
channel 
operation 
uses chaining, 
the Base Address 
Register points 
to the 


next chain entry 
to be serviced, unless the termination 
occurred 
while 
attempting 
to fetch 
an entry 
in the chain. 
In that 
case, 


the 
Base Address 
Register 
points 
to the entry 
being 
fetched. 


However, in the case of external 
abort, there are cases in which 


the previous values are not recovered. 


Bus Exception 
Operating 
Flow 


The 
bus 
exception 
operating 
flow 
in the 
case of multiple 


exception 
conditions 
occurring 
continuously 
in 
sequence 
is 


shown 
in Figure 43. 
Note 
that 
the DMAC can receive and exe- 
cute 
the 
next 
exception 
condition. 
For example, 
if the 
retry 


exception 
occurs, 
and next 
the 
relinquish 
and retry 
exception 
occurs 
while the DMAC is waiting 
for the retry condition 
to be 


cleared, 
the 
DMAC 
relinquishes 
the 
bus 
and 
waits 
for 
the 


exception 
condition 
to be cleared. 
If a bus error 
occurs 
during 


this 
period. 
the 
DMAC 
executes 
the 
bus 
error 
exception 


operation. 
The flow diagram 
of the normal 
operation 
without 
exception 
operation 
or errors is shown in Figure 44. 


RST 
: reset 


NON 
: no exception 


Hl T 
: halt 


SER 
: bus error 


RTY 
: retry 


ART 
: relinquish 
and 
retry 


REO 
: external 
request 


ReON 
: no extern~1 
request 


START: 
bus cycle start 


DTACK. 
DTACK 
signal 
asserted 


DTC 
: DTe signal asserted 
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• 
Channel Priorities 
Each channel 
has a priority 
level, which is determined 
by the 


contents 
of the Channel 
Priority 
Register 
(CPR). 
The priority 
of a channel 
is a number 
from 0 to 3, with 
0 being the highest 


priority 
level. When multiple 
requests 
are pending 
at the DMAC, 


the channel 
with 
the highest 
priority 
receives 
first service. The 
priority 
of a channel 
is independent 
of the device protocol 
or 


the 
request 
mechanism 
for 
that 
channel. 
If there 
are several 


requesting 
channels 
at the highest 
priority 
level, a round-robin 


resolution 
is used, that 
is, as long as these channels 
continue 
to 
have requests, 
the DMAC does operand 
transfers 
in rotation. 
Resetting 
the 
DMAC puts 
the 
priority 
level of all channels 
to "0". 
the highest priority 
level. 


• 
APPLICATIONS 
INFORMATION 


Examples 
of how to interface 
HD68450 
to a HD68000 
based 
system 
are shown in Figure 45 and Figure 46. 


Figure 
45 
shows 
an example 
of how 
to 
demultiplex 
the 


address/data 
bus. 
OWN and UAS are used to control 
74LS373 


for latching 
the address. 
DBEN and DDiR 
are used to control 


the bi-directional 
buffer 
74LS245. 


Figure 46 shows an example 
of inter-device 
connection 
in the 


HD68000 
system. 


74LS04 


OWN 
UAS 
G 
OE 
G 
OE 


16 
16 
16 


A./Do-A23/D15 
D 
QQ 
A.-A23 
(Address 
Bus) 


74LS373 


X2 


HD68450 
+5V 
DMAC 


8 
A 


DBEN 
74LS245 
B 


IT 
B 
Do-D7 


DDIR 
DIR 


(Data 
Bus) 


74LS245 
B 
B 
D.-D15 


Figure 45 
An Example 
of the Demultiplexed 
Address 
Data Bus 
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Do-Dls 
os 
R/iN 
OTACK 
lACK 
CS 
AS 
68000 
Periphr. 


RES 
iiill 


RES 
00-01 


A,-A2J 


AS 


LOS 


UOS 
RiW 


OTACK 


The 
address bus and the system control 
bus in each device 


are omitted 
in this Figure. 
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• 
ATTENTION 
ON USAGE 


(1) 
How to interface 
various 
6800 
type 
peripheral 
devices 
to 
the DMAC based 
system. 
When 
the DMAC 
is reading 
data from the 6800 device, 
the 


OE 
G 
1D 
10 
Do-D7 
\ 
Do-D 
8D 
80 
74LS373 


DMAC latches 
the data 
when 
DTC is asserted 
and 
not 
at the 
falling 
edge of E clock. 
The 74LS373 
need to be provided 
ex- 


ternally 
as shown 
in Figure 47 so that 
the data from 
the 6800 


device 
can 
be held 
on the bus for a large period 
of time until 


the DMAC can latch the correct 
data. 


Do-D7 


6800 Tvpe 


Device 


peL, 
~ 
PCL3 
ACK3 
R/W 


(2) 
When 
"external 
abort" 
is inputted 
during the DONE input 


cycle 
When 
the transfer 
direction 
is from the peripheral 
device to 
memory 
and PCL signal is set to the external 
abort 
input mode 
in the dual addressing 
mode, 
the external 
abort 
will be ignored 


during 
the 
subsequent 
write 
cycle 
from 
the 
DMAC's 
internal 


holding 
register 
to memory 
if DONE is inputted 
during 
the read 


cycle 
from the peripheral 
device to the DMAC's internal 
holding 
register. 


In 
this 
case, 
the 
channel 
status 
register 
(CSR) 
and 
the 
channel 
error 
register 
(CER) 
show 
the 
normal 
termination 


caused 
by DONE 
Input. 
The user 
is able to examine 
the PCT 


bit 
and 
the 
ERR 
bit 
in order 
to 
detect 
the 
external 
abort 
inputted 
at the 
timing 
described 
above. 
If PCT = I, ERR = 0, 


and NDT = I, then an external 
abort has occurred. 


(3) 
Multiple Errors 


The DMAC 
will log the first error encountered 
in the channel 


error register (CER). 
If an error is pending in the error register and 
another 
error 
is encountered 
the second error 
will not be logged. 


Even though 
the second 
error 
is not 
logged in the CER, 
it will 


still be recognized 
internally 
and the channel 
will not start. 


(4) 
Relinquish 
& Retry 
Exception 
During 
Dual Address 
Mode 


Operation 
When 
the 
following 
two 
conditions 
occur 
simultaneously, 


incorrect 
data 
is outputted 
by the 
DMAC at the 
write 
cycle 


immediately 
following 
the 
negation 
of the 
relinquish 
& retry 


(R&R) 
exception. 
(a) 
R&R is asserted at the write cycle in the dual address mode. 


(b) 
MPU access to the DMAC's internal register is done afterthe 
DMAC relinquishes 
the bus due to R&R exception. 
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When the R&R exception occurs during the write cycle of the dual 


addressing 
mode, and the MPU accesses the DMAC's 
register, then 


the DMAC's proper operation sequence should be the folliwing (refer 
to the Fig. 48): 


(1) 
Data is read by the DMAC during the read cycle 
(2) 
Data read at (J) is outputted 
at the write cycle 
(3) 
R&R exception 
is asserted 
during the write cycle 


(4) 
DMAC relinquishes 
the bus 
(5) 
MPU accesses the DMAC and it is completed 
normally 
(6) 
When 
R&R 
exception 
is negated, 
the 
DMAC 
obtains 
the 
bus 
and 
write 
cycle 
is done 
to 
output 
the 
data 
read at (I). 
But 
instead, 
incorrect 
data 
is outputted 
at 
(6). 
This 
is 
because 
the 
data 
read at (I), 
which 
is held 
internally 
by the 
DMAC, is destroyed 
at (5) when the MPU accesses 
the DMAC. 
Avoid occurance 
of the above condition. 
For example: 
(I) 
Assert 
R&R exception 
only during 
the read cycle when 


using dual addressing 
mode. 


(2) 
If the 
R&R 
exception 
occurred 
at the write 
cycle 
of 
the 
dual addressing 
mode, 
avoid 
accessing 
the DMAC's 
registers. 


(3) 
Use 
HALT 
exception 
instead 
of 
R&R 
exception 
to 
access the DMAC's internal 
registers. 
(5) CS Negation Timing 


When 
the 
LOS, 
UDS 
high 
to CS high 
timing 
(chip 
select 
negation 
delay) 
is over 
I clock 
and 
the 
MPU access 
is long 
word 
(32-bit 
data), 
then 
the 
data stored 
in the lower word 
of 
the 
register 
accessed 
is destroyed 
and 
becomes 
all zeros. 
In 


other 
words, 
the 
data 
in the 
lower 
word 
of the read access is 
lost 
and cleared 
to all zeros. 
This does not always occur, 
but 


on 
occasional 
basis 
due 
to the 
asynchronous 
input 
timing 
of 
the CS signal. 


Please observe the timing specification 
shown in Fig. 49. 


(6) Unused Function Code IFC.-FC,) 
Lines 


When the FC", FC" 
and FC, lines are not used, 
please keep 


these 
lines 
"high" 
by 
using 
a pull-up 
resistor. 
If these 
lines 
are 
left 
unconnected, 
the 
HD68450 
DMAC may 
not 
operate 


properly. 
(7) Vs. Wiring 
The use of thick wiring 
is recommended 
between 
Vss of the 


HD68450 and the ground of the circuit board. When a socket is used 
to install the DMAC on the board, please make sure that the contact of 
the Vss pins are made well. 
(8) 8us arbitration-1lR 
Negation on MPU's CS. 


If the MPU asserts 
DMAC's 
CS when the DMAC 
has its BR 
asserted, 
then 
the 
DMAC 
negates 
its llIt 
This 
is shown 
as 


follows: 


SA asserted and negated without 
taking the bus 
BR is reasserted 
and 
normal 


bus arbitration 
is done. 


c~-----j 
I 


If HD68000 
is used. BG is issuedbut no 


bus contention 
will 
occur. 


Ig) 
BR negation before llGACK assertion 
When the MPU sets the START bit of the DMAC, and a different 
channel 
is already active in the limited-rate 
auto-request 
mode_ the 
the following bus arbitration 
timing may occur. 


BR negated before 
/ 
B'GAC'i< 
assertion! 


BR ---------'-----J 


cs ~PU 
sets DMAC's START b;' dur;ng 


this 
chip 
select 
cycle. 


In this timing, 
the 
BR is negated 
too early, 
e.g. before 
the 


nGACK 
is asserted. 
This 
will 
cause 
bus 
contention 
between 
the DMAC and the MPU. For the description 
of these problems, 


please contact 
the sales office. 


@HITACHI 


Hitachi 
America 
Ltd .• 
2210 O'Toole 
Avenue 
• 
San Jose, 
CA 95131 
• 
(408) 435-8300 


~A 
~~ 
.. 


~HITACHI 


Hitachi America 
Ltd. 
• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


HD63463--~----- 
HOC (Hard Disk Controller) 


DESCRIPTION 
The HD63463 
(HDC: 
Hard 
Disk Controller) 
is a CMOS 
device developed 
for use as a peripheral 
LSI for the 
16-bit 
microprocessor 
HD68000 
(MPU: Microprocessing Unit). The 
HDC connects the host system and the Winchester type hard 
disk device with or without HD68450 (DMAC: Direct Memory 
Access Controller). 


FEATURES 
• 
Two types 
of disk interface, 
ST506/ST412/ST412HP 
and 
SMD 
• 
Choice of data bus width - 16 or 8 bits 
• 
Serial 
data 
transfer 
rate 
- 
max 20 Mbit/s 
[NRZ], 
max 
10 Mbit/s [MFMl 
• 
Step rate - max 1.1 MHz 
• 
Internal data buffer (256 bytes x 2) 
• 
Zero-sector interleave access 
• 
Programmed I/O access 
• 
Automatic error correction 
• 
Zero 
pattern 
detector/generator, 
address 
mark 
detector/ 
generator, 
write 
precompensation 
logic, 
etc 
internally 
provided 
• 
22 high-level function commands 
• 
25 error codes 
• 
External circuit diagnosis command 
• 
Low power dissipation - typ 250 mW 


Type No. 
Clock Frequency (MHz) 
Package 
Host 
Drive 


HD63463-6 
6.0 
15.0 
DC-48 


HD63463-8 
8.0 
20.0 


HD63463P6 
6.0 
15.0 
DP-48 


HD63463P8 
8.0 
20.0 


HD63463CP6 
6.0 
15.0 
CP-52 


HD63463CPS 
8.0 
20.0 


HD63463-6 
HD63463-8 


HD63463P-6 
HD63463P-8 


HD63463CP.6 
HD63463CF!8 
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Vcc ~1"~--~Lr-""", 
. 
~ 
trnrn 
iRO 
DONE 
RS 
DTACK' 


R/W 
Cs 


DACK 
'0 
Do 
11 


01 
12 
01 
13 
elK 
,.- 
Vss 
15 
0] 
16 
0411 
Os 
18 


D. ~ 
0, 
20 
0,21 
0922 


D10~ 
On 
_24"""'- 
.r- 


ST506 
SMD 
Interface 
Interface 
.. 
READY 
(I) 
BUSLt'H (0) 
~ 
SEEK (0) 
BUSRm 
(0) 
.. 
HSEL2 (0) 
TAGS (0) 
.. 
HSEL1 (0) 
UTAG (0) 
HSELO (0) 
TAG3 
(0) 
USEL1 (0) 
TAG2 
(0) 
, USELO(OI 
TAG1 (0) 
.. 
USELD III 
USELD III 
'0 
SCP III 
SEC (I) 
~ 
IDX/TRKO 
(I) 
lOX (I) 
LCT/DIR 
(0) 
BUS./BUS, 
0/0) 
~ 
WFLTIIl 
BUS,/BUS. 
(1/0) 


36 
LATE/STEP 
(0) 
BUs,/BUS, 
0/01 


35 
EARLY/RGATE 
(0) 
BUS,/BUS. 
0/01 


34 
WGATE (0) 
BUS /BUS, 
(1/01 
" 
VSS 
32 
SYNC (0) 
SKEND (II 
" 
RCLK (I) 
RCLK III 
'" 
WCLK III 
WCLK III 


29 
RWDATA 
(1/01 
RWDATA 
(1/01 


29 
.. 
'" 0•• 


2tI 
0" 


25 
0" 


Pin 
ST506 I SMD 
Pin 
ST506 
SMD 
No. 
Inter- 
Inter- 
No. 
Interface 
Interface 
face 
face 


1 
VCC 
27 
VCC 


2 
VCC 
28 
Du (I/O) 


3 
RES (I) 
29 
Du (I/O) 


4 
DREa 
(0) 
30 
0 •• 
(1/0) 


5 
IRa 
(0) 
31 
Du 
(1/0) 


6 
DONE (II 
32 
RWDATA(l/OI 
RWDATA 
(1/0) 


7 
RS (I) 
33 
WCLK(l1 
WCLK(I) 


8 
DTACK 
(0) 
34 
RCLK(I) 
RCLK 
(II 


9 
R!W(I) 
35 
SYNC 
(01 
SKEND 
III 


10 
CS (I) 
36 
VSS 


11 
DACK (II 
37 
VSS 
12 
0.0/0) 
38 
WGATE (01 
BUS./BUS, 
(1/01 


13 
0, 
(1/0) 
39 
EARLY/RGATE 
(D) 
BUS,/8US. 
(1/01 


14 
0, 
(1/0) 
40 
LATE/STEP 
(01 
BUS,/BUS,O/O) 


15 
CLK(I) 
41 
WFLT(I) 
BUS,/BUS.O/O) 


16 
VSS 
42 
LCT/DIR 
(01 
BUS./BUS, 
(I/O) 


17 
VSS 
43 
IDX/TRKO 
III 
lOX (I) 


18 
0, 
(1/0) 
44 
SCP (I) 
SEC (I) 


19 
D. 
(1/0) 
45 
USELD III 
USELD III 


20 
0,0/0) 
46 
USELO 
(0) 
TAG1 (0) 


21 
0.0/0) 
47 
USEL1 (01 
TAG2 (01 


22 
0, 
(1/0) 
48 
HSELO (01 
TAG3 (0) 


23 
D. 
(1/01 
49 
HSEL1 (0) 
UTAG 
(01 


24 
0,0/01 
50 
HSEL2 (0) 
TAGS (0) 


25 
0" 
(1/01 
51 
SEEK (0) 
BUSR/W (0) 


26 
Du 
(1/01 
52 
READY 
(I) 
BUSL/H 
(0) 
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SEEK 
Select signal 
,cr,.,. 
} 
LATE/STEP 


EARLY/RGATE 
Control 
output 


WGATE 


SYNC 


ST506 
interface 
READY 


}~.o,,"~, 


WFLT 


SCP 


IDX/TRKO 


VCC 
USELD 


HSELO - 
2 
Head select 


USELO -I 
Drive select 


CLK 
RES 
RCLK 


} 
Drive clock 
{DREO 
WCLK 
DMA 
RWDATA 
control 
DACK 
Serial data 
DONE 
Interrupt 
IRQ 
request 
Drive 
CS 
Interface 
--{ .. 
bus 
control 
Rfii 


DTACK 
BUSLtH 
} 
Drive bus control 


5 
BUSR/W 


Data bus 
Do-Du 
BUS,/BUS, 
- 
Drive bus 
BUS,/BUS. 
TAG5 
},...;~. 


TAG3 


VSS VSS 
TAG2 


TAGI 


UTAG 


SMD 
lOX 
}~"." 
;"~, 


interface 
SEC 


USELD 


SKEND 


RCLK 
} 
Drive clock 
WCLK 


RWDATA 
Serial 
data 
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Drive Interface 
ST506' 
Number 
of Heads 
Max 8 


Number 
of Drives 
Max4 


Write Precompensation 
Controlled 


High-Speed Seek 
Step rate min 875 ns (CLK: 
8 MHz) 


Storage Module 
Drive (SMD) 
Number 
of Heads 
Max 32 


Number 
of Drives 
Max8 


Track Offset 
Controlled 


Data Strobe 
Controlled 


Serial Data Format 
NRZ or MFM 
(selectable) 


Serial Data Transfer 
Rate 
Max 
20 Mbps (NRZ), 
max 10 Mbps (MFM) 


Multiple 
Sector Access 
Multiple 
sector, multiple 
track 


Parallel Seek 
Possible 


Diagnosis 
External 
circuit 
diagnosis 


Disk Format 
Data Length 
256,512,1024,2048, 
or 4096 bytes (selectable) 


Number 
of Sectors 
Max 255 (hard sector), 
max 128 (soft sector) 


Number 
of Cylinders 
Max 1024 


Sector Format 
Hard sector or soft sector (selectable) 


Error 
Processing 
Processing Code 
16-bit 
CRC (error detection), 
2 types 


32-bit 
ECC (error detection 
or correction) 


Error Correction 
Capabi Iity 
Automatic 
correction 
of single burst error 
(up to 11 bits) 


On-Chip 
Data Buffer 
Capacity 
256 bytes x 2 


Data Transfer 
Simultaneous 
transfer 
on host side and drive side 


Addressing 
Stack type 
(pointer 
can be updated) 


Host Interface 
Operation 
Cycle Time 
Max 
8 MHz 


Data Bus Width 
16 or 8 bits (selectable) 


DMA Transfer 
Burst or cycle steal mode (selectable) 


Programmed 
I/O 
Possible 


Commands 
Seek 
2 commands 


Disk ReadlWrite 
8 commands 


Data Buffer 
4 commands 


Drive Check 
2 commands 


Others 
6 commands 
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are connected to the host system including the HD68000 (MPU) 
and the HD68450 (DMAC). 


SYSTEM 
CONFIGURATION 


An HDC-based system configuration 
is illustrated 
in figure 2. 
The HDC is used to connect more than one hard disk drives 
(also called "drive" in this manual) to the host system. The host 
system consists of the MPU (Microprocessing Unit), the main 
memory 
and the DMAC (Direct Memory Access Controller). 
The HDC requires minimum number of external circuits that 


If the host 
system does not require a high throughput, 
then 


the DMAC is not necessary. A few additional external circuits 
allow the HDC to be connected 
to another host system other 


than the H068000. 


The HDC may control either up to four ST506 drives or up to 
eight SMD drives. 


MPU 


HD68000 


r-- -- --, 
1 
I 
I 
DMAC 
I 
r-' 
I 
I 
I 
HD68450 
1 
I 
L.- - -,"1 _ - _.J 
I 
II 


I 
I 
I 
I 
__ 
.J 


HOC 
: Hard Disk Controller 


MPU 
: Microprocessing 
Unit 
OMAC 
: Direct Memory 
Access Controller 
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SIGNAL LINES 
The input/output 
signal lines of the HDC are shown in figure I 
which covers both ST506 and SMD drive interface. 


Category 
Signal 
I/O 


Clock, Reset 
CLK 
I 


RES 
I 


DMA Control 
DFmi 
0 


(HD68450 
OACR 
I 
Compatible) 
DOIilr 
I 


Interrupt Request 
iRO 
0 


CS 
I 
Bus Control 
RS 
I 
(HD68000 
Compatible) 
R/W 
I 


D'fACi( 
0 


Data Bus (HD6BOOO 
Do - DIS 
I/O 
Compatible) 


DREa - Asserted when a DMA data transfer is requested to the 
DMAC. Receiving this signal, the DMAC obtains the bus master- 
ship from the MPU. 


DACK - Transfer acknowledge signal from the DMAC. Receiv- 
ing this signal, the HDC transfers data through the host bus in 
the DMA mode. When RES signal is at "0", HDC data bus 
configuration change from 16 bits to 8 bits when DACK = O. 


DONE - Receiving this signal from the DMAC, the DMA data 
transfer through the host bus stops immediately. 


IRa 
- 
Interrupt 
request signal sent to the MPU (open drain 


output). 


CS - Chip select signal generated by decoding address, address 
strobe, and data strobe of the host. 


RS - Register select signal of the HDC. It selects registers when 
set to "0", data buffers when set to "I". 


DTACK - 
Acknowledge 
signal that indicates the end of data 
transfer in the host bus. The host waits until the HDC asserts 
this signal to terminate the transfer. 


Do-DIS 
- 
16-bit bi-directional data bus. When used as an 8-bit 
data bus, D. -DIS 
must be open. 


Category 
Signal 
I/O 


Select Signal 
SEEK 
0 


Control Output 
LCT/DIR 
0 


LATE/STEP 
0 


EARLY/RGATE 
0 


WGATE 
0 


SYNC 
0 


HSELO-HSEL2 
0 


USELO-USEl1 
0 


Control Input 
READY 
I 


WFLT 
I 


SCP 
I 


IDX/TRKO 
I 


USELD 
I 


Drive Clock 
RCLK 
I 


WCLK 
I 


Drive Data 
RWDATA 
I/O 


SEEK - 
Used to decode 
multiplexed 
signals. SEEK signal 


remains high during the head positioning operation of the HDC. 


LCT/DIR - When SEEK is at "I", 
this signal indicates the head 


direction: 
the head moves toward the spindle if the LCT/DIR 


signal is at "I". 
When SEEK is at "0", write current is reduced 


if this signal is at "I". 


LATE/STEP - When SEEK is at "I", 
this signal serves as step 


pulses output 
for head positioning. When SEEK is at "0", this 


signal requests write precompensation 
(LATE). 


EARLY/RGATE 
- 
When the WGATE signal is at "I", 
this 


signal requires write precompensation 
(EARLY). Otherwise, it 


serves as a read gate signal that requests reading data from the 
drive. 


WGATE - 
Write gate signal that requests writing data to the 


drive. 


SYNC - 
Signal to select the loop gain of the external 
data 


separator. SYNC is at "I" when RGATE is at "I" and one byte 
of $00 is detected 
in the disk data. SYNC is at "0" 
when 


RGATE is at "0". 


HSELO-HSEL2 
- 3-bit signal that selects up to eight heads in 


the drive. 
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WFLT - 
Signal indicating that the drive has detected 
a fault 


which may cause a write error. 


SCP - 
Signal indicating that head positioning (seek operation) 
has been completed in the drive. 


IDX/TRKO - 
When SEEK is at "1", this signal indicates that 


the head in the drive is positioned at the outermost track (track 
0). When SEEK is at "0", 
this signal serves as an index signal 
that indicates the beginning of a track. 


USELD - 
Response signal from the drive indicating that the 
drive is selected. 


RCLK - 
Disk read clock from the external data separator. Its 


frequency is twice the serial transfer rate. 


WCLK - 
Disk write 
clock from the external 
oscillator. 
Its 


frequency is twice the serial transfer rate. 


RWDATA - 
Disk read/write 
serial data 
is input/output 
as 


modified 
frequency 
modulation 
code. This pin is normally in 
read state. 


Category 
Signal 
I/O 


Drive Bus Control 
BUSl/H 
0 


BUSR/W 
0 


Drive Bus 
BUSo/BUSs- 
I/O 
BUS./BUSo 
Tag 
TAG5 
0 


TAG3 
0 


TAG2 
0 


TAG1 
0 


UTAG 
0 


Control Input 
lOX 
I 


SEC 
I 


USELD 
I 


SKEND 
I 


Drive Clock 
RCLK 
I 


WCLK 
I 


Drive Data 
RWDATA 
I/O 


BUSLiH - 
When this signal is at high, lower 5 bits of 10-bit 
drive bus are being transferred. 


BUSR!W - 
When this signal is at high, BUSo/BUSs-BUS./ 
BUS. are in input state. 


BUSo/BUSs -BUS./BUS. 
- 5-bit bi-directional bus that is used 
to control the drive. When the data is output 
from IO-bit drive 


bus, the high-order 5 bits are output first and then the low-order 
5 bits. When the data is input to the bus, higher 3 bits of the 
8-bit status are fetched first, then the lower 5 bits. 


TAG5 - 
Together 
with TAG2, used as a status input select 


signal. 


TAG3 - Tag signal indicating that the drive bus contains infor- 
mation such as disk read/write instruction. 


TAG2 - 
Tag signal indicating that the drive bus contains the 


address for head selection. When drive status is read from the 
drive bus, TAG2 and TAG5 are decoded to select the status. 


TAG1 - 
Tag signal indicating that the drive bus contains the 
destination cylinder address. 


UTAG - 
Tag signal indicating 
that 
the drive bus contains a 


3-bit drive number. 


USELD - 
Response signal from the drive indicating that the 
drive is selected. 


SKEND - Signal that is generated when the servo circuit in the 
disk drive terminates seek operation and the head is placed on 
the track. 


RCLK - 
Disk read clock from the drive. Its frequency is the 


same as the serial data transfer rate. 


WCLK - 
Disk write clock from the drive. Its frequency is the 


same as the serial data transfer rate. 


RWDATA - Disk read/write 
serial data that is input/output 
as 
Non-Return to Zero code. 


HOST INTERFACE 
The HOC can be directly connected to the HD68000 (MPU) and 
the HD68450 
(DMAC), so that 
the HOC data is transferred 
asynchronously 
with the host system. The HOC data bus is 16- 
bit wide, 
in addition, 
an 8-bit configuration 
is available by 


asserting the DACK signal externally during reset. The minimum 
access time. that 
is required 
for communication 
between 
the 


HOC and the MPU, or between the HOC and the DMAC is listed 
in Table I (wait cycles are not included). 


B-Bit Data Bus 
16-Bit Data Bus 


Transfer Direction 
(cycles) 
(cycles) 


MPU read 
3 
4 
(HDCto MPU) 
MPU write 
3 
3 
(MPU to HOC) 
DMAwrite 
3 
3 
(memory to HOC) 
DMA read 
3 
4 
(HOC to memory) 
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DRIVE 
INTERFACE 
The HDC can interface with two different types of drives. DIF 
mode of the Operation Mode register 0 (OMO) selects the drive 
interface. 
STS06 interface is selected when DIF is at "0". and 


SMD interface 
when DIF is at "I". 
The external circuits reo 


quired for HOC drive interface vary according to which interface 
is used. 
Figures 3 and 4 show the interface 
circuits which 


connect STS06 device and SMD device respectively. 


- 
- 
HSEL2 
HSEL1 
HSELO 


USEL1 
~w 
USELO 
0a 
a:: 
CJ 
w 
w 
u. 
....£... 


u. 
SYNC 
~ 
WGATE 
en 


EARLY/ 
L 
EARLY 
RGATE 
i=a:: 
LATE 
...Jw 
SEEK 
~x 
:Ew 
LATE/STEP 
W...J 
a:: 
Cl1. 
w 
LCT/DIR 
> 
- 
jjj 
CJ 
w 
~l 
!:: 
a:: 
~ 
~ 
aU 
w 
RWDATA 


...J 
> 


~ 


u.~ 
>CJ 
a::0 
- 
PRE-COMPEN- 
SATION 
- 
- 
SCP 
MULTI- 
IDX/TRKO 
a:: 
PLEXER 
w 
~ 
READY 
u. 
u. 


WFLT 
~ 
USELD 
en 


RCLK 
VFO-CLOCK. 


WCLK 
-- 
:OSCILLATOR 
- 


DRIVE 


HEAD SELECT 2 
HEAD SELECT 1 
HEAD SELECTO 
DRIVE SELECT 4 
DR IVE SELECT 3 
DRIVE SELECT 2 
DRIVE SELECT 1 


STEP 
REDUCED 
WRITE CURRENT 
DIRECTION-IN 


SEEK COMPLETE 
INDEX 
TRACKOOO 


READY 
WRITE FAULT 
DRIVE SELECTED 
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HD63463 


BUSR!W 


BUSLIH 
UTAG 
TAGS 
TAG3 


TAG2 
TAGl 


BUSo/BUSs 


I 
BUS./BUS9 


RCLK 
WCLK 
USELD 
SEC 
INDEX 


..--- 
a: 
- 
w 
_ 
:t _ 


~ -- 
L..-- - 
-a: 
wu. 
u. 
::> 
al 


a:~ . 
u. 
::> 
al- 


...Ja •.... 
a:- 
•.... ::> 
ZU 
a!!: 
UU 


UNIT 
SELECT 
TAG 


TAG 5 
TAG 4 
TAG 3 


TAG 2 
TAG 
1 


-- 


:I: 
~~ 
...J 


I I 


STATUS 
0 -5 


READ 
DATA 


READ 
CLOCK 


SERVO 
CLOCK 


WRITE 
DATA 
WRITE 
CLOCK 


UNIT 
SELECTED 


SECTOR 
INDEX 


OPEN CABLE 


___ 
DETECT 
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SOFTWARE 
INTERFACE 


The HDC is furnished with 22 commands, which are classified 
into 6 categories; 
specification, 
head positioning, 
disk access, 


data transfer, drive check, and others. 


Category 
Command 
Mnemonic 


Specifications 
Specify 
SPC 


Head Positiong 
Recalibrate 
RClB 


Seek 
SEK 


Disk Access 
Read Data 
RD 


Read Erroneous Data 
RED 


Read ID 
RID 


Read ID Skew 
RIS 


(Not. 
I) 


Find ID 
FID 


Check Data 
CKD 


Compare Data 
CMPD 


Write Data 
WD 


Write Format 
WFM 


Write Format Skew 
WFS 


(Not. I) 


Data Transfer 
Memory to Buffer 
MTB 


Buffer to Memory 
BTM 


Open Buffer Write 
OPBW 


Open Buffer Read 
OPBR 


Drive Check 
Polling 
POL 


Check Drive 
CKV 


Others 
Abort 
ABT 


Check ECC 
CKE 


Polling Disable 
POD 


Recall 
RCAl 


Test 
TST 


Specify - 
Specifies the HOC's operation 
mode, data transfer 
mode,etc. 


Recalibrate 
- 
Moves the drive head to the outermost 
track 
(track 0). 


Seek - Moves the drive head onto a track specified by the Next 
Cylinder Address. 


Read Data - Reads the data of specified sectors and stores it in 
the data buffer. 


Read Erroneous Data - Reads disk data and stores it in the data 
buffer no matter a CRC error occurs or not in ID area. 


Rud 
10 Skew - Reads ID area of a sector formatted by Write 


Format Skew command. 


Find 10 - 
Reads ID areas and stores the data in data buffers. 


ID area containing 
a CRC error is skipped reading, and the 


subsequent ID area without any CRC error is searched for. 


Check Data - 
Checks if there is any ECC or CRC error in 


DATA area of specified sectors. No data is transferred to data 
buffers or to the main memory while checking. 


Compare Data - Compares the data in data buffers and the data 
read from specified sectors. 


Write Date - Writes the data stored in data buffers into DATA 
area of specified sectors. 


Write Format - For the hard sector, formats a specified number 
of sectors starting with a specified physical sector address. For 
the soft sector, formats a track. 


Write Format Skew - Formats a sector specified by a physical 
sector address by skewing ID area by 64 bytes. 


Memory to Buffer - Transfers data from the main memory to 
the data buffer by DMA transfer. 


Buffer to Memory - 
Transfers data stored in the data buffer 


to the main memory by DMA transfer. 


Open Buffer Write - Provides initialization 
of pointer to write 


data into the data buffer starting from an address specified by 
Pointer Offset. The data buffer is written in the PIa mode after 
the command execution ends. 


Open Buffer Read - 
Provides initialization 
to read the data 


stored in the data buffer from an address specified by Pointer 
Offset. The data buffer is read in the PIa mode after the com- 
mand execution ends. 


Check 
Drive - 
Sets result parameters 
indicating 
status 
of a 


specified drive to Parameter Block. 


Check ECC - 
For ECC errors occurred during RD and RED 


command 
execution, 
reports 
result parameters 
indicating 
ad- 


dresses and patterns of erroneous data. 


Recall - 
Clears all bits of the status register and sets a buffer 


pointer 
to the start address of parameter 
block so that com· 


mand parameters can be accepted. 


Test - 
Makes the output 
pins of the HDC's drive interface 


three-stated. 
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Command Code 
Interrupt Factor Bits 
DMA Transfer 
Command Name 


Binary 
HEX 
CED 
SED 
DER 
DTM = 0 
DTM= 1 


Specify 
1110 
1000 
E8 


Recalibrate 
1100 1000 
C8 
0 
0 
0 


Seek 
11000000 
CO 
0 
0 
0 


Read Data 
0100 0000 
40 
0 
0 
0 
0 


Read Erroneous Data 
0111 0000 
70 
0 
0 
0 
0 


Read ID 
0110 0000 
60 


0 
0 
0 
0 
Read ID Skew 
0110 
1000 
6B 


Find ID 
01100001 
61 
0 
0 
0 
0 


Check Data 
0100 
1000 
48 
0 
0 
0 


Compare Data 
1000 1000 
88 
0 
0 
0 
0 


Write Data 
1000 0111 
87 
0 
0 
0 
0 


Write Format 
1010 0011 
A3 


Write Format Skew 
1010 1011 
AB 
'0 
0 
0 
0 


Memory to Buffer 
1001 0000 
90 
0 
0 
0 


Buffer to Memory 
0101 0000 
50 
0 
0 
0 


Open Buffer Read 
0011 0000 
30 


Open Buffer Write 
0011 
1000 
38 


Polling 
0001 0000 
10 
0 
0 


Check Drive 
0010 
1000 
28 
0 


Abort 
1111 
**** 
FO-FF 
0 


Check ECC 
0010 0000 
20 


Test 
11100000 
EO 


Polling Disable 
0001 
1000 
18 
0 
0 


Recall 
0000 
1000 
08 


Inhibited 
1101 ---- 
DO-DF 


\ 
Y 
" 
. 
J 


0: 
Set at the end of command 
0; 
DMA transfer is 
erformed 
DMA: 
Direct 
Memory 
Access 


DTM: 
Data Transfer 
Mode 


*: don't care 


PROGRAMMING MODEL 
Figure 5 shows the internal configuration 
of the HOC and a 


programming model. The HOC internally provides an 8-bit STR 
(Status register), an 8·bit CMR (Command register), a 16·byte 
PB (parameter 
Block) and two 256·byte data buffers (DBUFO 


and DBUFI). 
The data can be written to/read from PB, DBUFO 


and 
DBUFI 
by 
externally 
accessing DTR 
(Data 
Transfer 


register). Their address are specified by a pointer, and is incre- 
mented 
for each access. Internal processors set pointer 
value, 
or select one of PB, DBUFO and DBUFI 
to be connected to 


DTR. These internal processors are initialized by writing a com· 
mand from the MPU to CMR. The result of command execution 
is reflected in the STR. 


At the beginning of the command execution, 
internal proces· 


sors read command parameters in PB written by the MPU and 
determine 
the command 
operation 
mode. At the end of the. 


command 
execution, 
the MPU reads result parameters 
in PB 
written by internal processors. 
When the HDC writes data to a disk, the host system sends disk 
write data to DBUF, then internal processors write the contents 
of DBUF into the disk. When the HOC reads data from a disk, 
internal processors read the contents of the disk and stores them 
into DBUF, then the host system reads data from DBUF. The 
MPU can access STR, CMR, and DTR while the DMAC can 
access only DTR in the single addressing mode. 
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When used in 8-bit mode, 
the HDC requires 2-byte 
address 
space. One byte (RS (Resister Select signal) = 0) is an 8-bit read 
only STR or an 8-bit write only CMR. Another byte (RS = I) 
is an 8-bit DTR. 


When used in a 16-bit mode, the HDC requires 2-word address 
space. One word (RS = 0) consists of an 8-bit CMR and an 8-bit 
read only STR. Another word (RS = I) serves as a 16-bit DTR. 


Pins 
AS 
AfW 


0 
1 


0 
0 


1 
1/0 


Pins 
AS 
AIW 


0 
1/0 


1 
1/0 


15 
B 7 


::I=-STA 
_O!-A 
_CMA 


STR: 
Status 
register 
(read only) 


CMA: 
Command 
register (write only for a-bit mode) 


DTA: 
Data Transfer 
register 


($0000 
- 
$OOFF) 


Address 
~ 
ooooO<-y 


OBUF 1 


(256 bytes) 
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When the HOC II either In Idle Itate or command execution end 
Itate, the MPU can aCCll1PB by accllling OTR. While the HOC 
II executing a command (during data tranlfer), 
OBUFO or 
OBUFI can be acceued by acceulng OTR. Before aceeulng 
OBUFO or OBUFI, the MPU mUlt Illue a command to open 
the buffer. 


STATUS 
REGISTER 
The bit configuration 
of the StatuI regllter II mown In the 
figure below. and each bit il described In Table 4. 


Polling 


Abnormal 
End 


Drive 
Error 


Snk 
End 


Command 
End 


Command 
Paromater 
Rajectlon 


Bit 
Abbr. 
Bit 
Name 
Sot"'" 
Ro.ot 
"0" 
Interrupt 
Description 
Condition 
Condition 
Source 
Bit 


7 
BSY 
Busy 
Command 
Command 
execu· 
Whilo 
HOC i. e.ecuting 
0 command, 
BSY bit 
i. 


acknowledged 
tion end 
(except 
58t to "1". 


for POL command) 


6 
CPR 
Command 
Command 
RCAl 
With this bit reset to "0", 
command 
parameters 


Parameter 
execution 
command 
can be written. 


Rejection 
received 


5 
CEO 
Command 
Command 
RCAl 
Set to "1" 
when 
command 
shown 
in table 
3 


End 
execution 
end 
command 
0 
ends. 
When this bit is set, HOC asserts 
IAQ signal. 


received 


4 
SED 
Seek End 
Drive seek 
end 
RCAl 
If detecting 
drive seek end during 
execution 
of 
detected 
command 
0 
command 
shown 
in table 
3, HOC sets "'" 
in this 


received 
bit at the end of command 
execution. 


3 
OER 
Drive Error 
Drive error 
RCAl 
If detecting 
drive error 
during 
execution 
of com- 
detected 
command 
0 
mand 
shOwn in table 
3, HOC sets "1" 
in this bit 


received 
at the end of command 
execution. 


2 
ABN 
Abnormal 
End 
Error 
detected 
RCAl 
If acknowledging 
errors 
such as illegal command, 


command 
drive faults, 
data over/under 
run, the H DC sets "1" 


received 
to ABN at the end of command 
execution. 
The 


SSB contains 
the error 
code. 
, 
POL 
Polling 
POL command 
POD command 
Set to "1" 
during 
execution 
of POL command. 


received 
received, 
seek 
operation 
end 
detected, 
drive 
error 
detected 


0 
Blank bit, always 
set to "0". 
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HOC 
CONTROL 
PROCEDURE 


The MPU's procedure to control the HOC is shown in figure 6. 
To control the HDC, the MPU must read STR of the HDC. The 
MPU may issue command parameters 
to PB in the HDC only 


when both BSY and CPR bits are cleared. 


This enables the HDC to change its status from idle state to 
command wait state. Although a data buffer pointer does not 
indicate the start address of PB under command wait state, STR 
has the same contents 
as in the idle state. It is impossible to 


distinguish these two internal HDC states externally. 


After this, the MPU issues a colTlmand. The HDC executes a 
command after setting BSY bit to "I". At the end of command 
execution, result parameters are stored in PB, the CPR bit is set 
to "I", 
and BSY bit is cleared. Under this condition, the MPU 
reads result parameters from PB. Issuing Recall command after 
this enables the HOC state to change from command execution 
end state to idle state. 


Some commands do not require either or both of the command 
parameter and result parameter. For some commands, the CED 
bit, SED bit, or DER bit is set to "1", which enables the HDC 
to generate an interrupt request to the MPU. 


In the DMA (direct memory access) mode, data transfer takes 
place between 
the main memory 
and the HOC when a disk 


access command 
is received. For this reason, the MPU must 


initialize the DMAC before issuing a disk access command 
to 


the HDC. Data such as system memory address and number of 
transfer words are written into the DMAC register. 


When the MPU writes data into internal control register in the 
DMAC, the DMAC state changes from the idle state to transfer 
request wait state. Upon reception 
of a transfer request signal 


(DREQ) from the HOC, the DMAC transfers data to/from 
the 


HDC and system memory until specified number of words are 
transferred. 
The DMAC may generate an interrupt 
request to 


the MPU when the transfer is completed. 


OMAC 
~ 
MPU 
~ 
HOC 
ij 


BSY = 0 
CPR = 0 


Idle 
Idle 


Issue 


command 


parameters 


Transfer 


request 
wait 


Data transfer 


IOMAI 


Issue 


Recall 


command 
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COMMAND 
PARAMETERS 


Command 
parameten 
are lilted 
In Table 
S. Command 
paramo 


eten 
uaed by 
the HOC 
to control 
STS06 type hard disk drive 


are lilted 
In the upper 
row of each command, 
and thoae for the 
SMD type In the lower row. 


( Upper row: 
ST606) 
Commands 
Paramatars 
Lower row: 
SMD 


OMO OM1 
OM2 
CUL 
TO/NCH 
NCL 
NH 
NS SH/RL 
GPL1 
GPL2 
GPL3 
LCCH 
LCCL 


Specify 
PCCH 
PCCL 


OMO OM1 
OM2 
CUL 
TO/NCH 
NCL 
NH 
NS SH/RL 
GPL1 
GPL2 
RGTLT 


ReC8l1brate 
US SOD 


US SOD 


Seek 
US $00 
NCAH 
NCAL 


US SOD NCAH 
NCAL 


Read Data 
US PHA 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 
US PHA 
SOO FLAG 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 


Read Erroneous 
Data 
US 
PHA 
SCNTH 
SCNTL 
US 
PHA 
$00 
PSA 
SCNTH 
SCNTL 


Read ID 
US 
PHA 
$00 
OFFSET 
$00 
SCNTL 
Read 10 Skew (Note 1) 
US 
PHA 
$00 
PSA 
$00 
SCNTL 


Find 
10 
US 
PHA 
$00 
OFFSET 
$00 
SCNTL 
US 
PHA 
SOO PSA 
$00 
SCNTL 


Check Data 
US 
PHA 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 
US 
PHA 
$00 
FLAG 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 


Compare 
Data 
US 
PHA 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 
US 
PHA 
SOO FLAG 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 


Write Data 
US 
PHA 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 
US 
PHA 
$00 
FLAG 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 


Write 
Format 
US 
PHA 
SCNTH 
SCNTL 
Write 
Format 
Skew (Note 1) 
US 
PHA 
$00 
PSA SCNTH 
SCNTL 


Memory 
to Buffer 
POFFH 
POFFL 
POFFH 
POFFL 


Buffer 
to Memorv 
POFFH 
POFFL 
POFFH 
POFFL 


Open Buffer 
Read 
POFFH 
POFFL 


POFFH 
POFFL 


Open Buffer 
Write 
POFFH 
POFFL 
POFFH 
POFFL 


Polling 
None 


Check Drive 
US $00 
US $00 


Abort 
None 


Check ECC 
None 


Test 
None 


Polling 
Disable, 
None 


Recall 
None 
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SPECIFY 
COMMAND 
PARAMETERS 


Parameters 
of SPC command 
may be used to specify the HDC 
operation 
mode and the disk format. 
Parameters 
are listed in 


Table 6. Contents of these parameters 
are different according to 
which type of drive is used: either ST506 or SMD. Each param- 
eter is described in Tables 7 and 8. Table 7 lists parameters 
which 


are specified by a bit, and Table 8 lists parameters 
which are 


specified by 3-16 bits. 


The HDC supports soft sector format (in ST506 interface) 
and 


hard 
sector format 
(in SMD interface) 
which 
are shown 
in 


Figure 7. 


OMO 


OMI 


OM2 


SECT 
I 
MOD 
I 
DIF 
I 
PADP 
I 
ECD 
I 
CRCP 
I 
CRCI 
I 
ACOR 


DTM 
I 
BRST 
I 
CEDM 
I 
SEDM 
I 
DERM 
I 
0 
I 
AMEX 
I 
PSK 


SL (ST506) 


CUL 


TO 
1 
NCH 


NCL 


NH 


NS 


SH 
I 
RL 


GPL1 


GPL2 


GPL3 


LCC High 
(LCCH) 


LCC Low 
(LCCL) 


PCC High 
(PCCH) 


PCC Low 
(PCCL) 


(SMD) 


OM2 I 
0 
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Abbreviation 
Name 
ST506 
SMD 
0 
1 
SECT 
Sector Organization 
Soft Sector 
Hard Sector 
0 
1 


MOD 
Data Modulation 
MFM 
NRZ 
0 
1 


DIF 
Drive Interface 
ST506 
SMD 
0 
1 


PADP 
PAD Pattern 
$00 
$4E 
· 
0 


ECD 
Error Check Code 
CRC 
ECC 
· 
· 


CRCP 
CRC Polynomial 
X16 
+ 1 
X16 + X12 + XS + 1 
· 
· 


CRCI 
CRC Initial 
Value 
$0000 
$FFFF 
· 
· 


ACOR 
Automatic 
Correction 
Disabled 
Enabled 
· 
· 


DTM 
Data Transfer 
Mode 
Pia 
DMA 
· 
· 


BRST 
DMA 
Burst Mode 
Cycle Steal 
Burst 
· 
· 


CEDM 
Command 
End Mask 
Unmasked 
Masked 
· 
· 


SEDM 
Seek End Mask 
Unmasked 
Masked 
· 
· 


DERM 
Drive Error Mask 
Unmasked 
Masked 
· 
· 


AMEX 
Address Mark Exclude 
Included 
Not Incl uded 
· 
· 


PSK 
Parallel Seek 
Normal 
Parallel 
· 
1 


SOFM 
Servo Offset 
Minus 
Normal 
Minus 
None 
· 


SOFP 
Servo Offset 
Plus 
Normal 
Plus 
None 
· 


STBL 
Strobe 
Late 
Normal 
Late 
None 
· 


STBE 
Strobe 
Early 
Normal 
Early 
None 
· 


Abbreviation 
Name 
ST506 
SMD 


SL 
Step Pulse Low 
8 bits 
None 


CUL 
Connecting 
Unit 
List 
4 bits 
8 bits 


TO 
ReadlWrite 
Time-over 
6 bits 
6 bits 


NC 
Number 
of Cylinders 
10 bits 
10 bits 


NH 
Number 
of Heads 
3 bits 
5 bits 


NS 
Number 
of Sectors 
8 bits 
8 bits 


SH 
Step Pulse High 
5 bits 
None 


RL 
Record Length 
3 bits 
3 bits 


GPL1 
Gap Length 
1 (8 bits) 
GAP1 
HEAD 
SCAT 


GPL2 
Gap Length 2 (8 bits) 
PLO SYNC 
PLO SYNC 


RGATE 


GPL3 
Gap Length 3 (8 bits) 
GAPJ 
Latency 


LCC 
Low Current 
Cylinder 
16 bits 
None 


PCC 
Precompensation 
Cylinder 
16 bits 
None 
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L 
r 
GAP 
1 
PLO SYNC 
AM 
LCA 
LHII 
S 
CAC 
IDPAD 
PLO SYNC 
I>.MOM 
DATA 
ECC 
DATA 
GAP3 
A 
orCAC 
PAD 


L 
L 
ECCor 
DATA 
PLO SYNC 
AM 
LCA 
H 
S 
CAC 
IDPAD 
PLO SYNC 
AM OM 
DATA 
CAC 
PAD 
GAP4 


A 
A 


N 
F 
N 
C 
L 
L 
L 
C 
ECC or 
DATA 
Next 
HEAD 
SCAT 
PLO SYNC 
P 
LCA 
H 
S 
CAC 
IDPAD 
PLO SYNC 
DATA 
END 
AEC 
A 
P 
CAC 
PAD 
sector 
A 
G 
A 
A 
~ 
T 


OMO (Operation 
Mode 0) 


(I) 
SECT (Sector Format) bit 
This bit specifies the format of the drive to be connected to 
the HOC. There are two drive formats available: hard sector 
and soft sector. 


(2) MOD (Modulation) bit 


This bit specifies modulation mode for data written to/read 
from the drive. 


MOD = 1: NRZ (Non Return to Zero) 


MOD = 0: MEM (Modified FM) 


(3) DIF (Drive Interface) bit 


This bit specifies the type of drive interface: either ST506 
or SMD. The pin function 
of the HOC changes according 


to the interface type. 


In SMD interface, the HDC performs seek instruction, head 
speCification, drive status check, etc to the drive through 
5-bit bi-directional buffer BUSo/BUSs-BUS4/BUS 
•. 


In ST506 interface, the HOC makes the drive perform seek 
operation by issuing step pulses. 


(4) PADP (pAD Pattern) bit 


This bit specifies the data pattern of PAD area that follows 
ID and DATA areas. The value of the PADP bit gives the 
data pattern 
of PAD area that is written into the drive by 


WFM or WD command execution. 


Hard Sector 
Soft Sector 


PADP = 1 
Prohibited 
$4E 


PADP = 0 
$00 
$00 


(5) ECD (Error Check Code) bit 
This bit specifies the error check code which is added to the 
end of the DATA area. CRC code is always specified for the 
ID area regardless of ECD bit. 


ECD = 1: ECC (Error Correction Code) 


ECD = 0: CRC (Cyclic Redundancy Check Code) 


ECC enables error detection and correction. A 4-byte ECC 
code 
is added 
'0 the end of DATA area. A generation 


polynominal 
G(x) of ECC is as follows (the initial value is 


fIXed to "00"). 


G(x) = (X21 + I) (XII + x2 + I) 
= x32 + x23 + X21 + XII + x2 + 1 


CRC enables error detection, 
but not error correction. 
A 
2-byte 
CRC code is added to the end of DATA area. A 
generation 
polynominal 
G(x) of CRC is specified by the 
CRCPbit. 


(6) CRCP (CRC Polynominal) bit 
This bit determines 
the polynominal 
G(x) that generates 
CRC of ID and DATA areas when ECD = O. 


,CRCP = 1: G(x) = xl6 + Xl2 + xS + 1 


CRCP = 0: G(x) = xl6 + 1 


(7) CRCI (CRC Initial) bit 
This bit sets the initial value of CRC. 


CRCI = 1: Initial value = $FFFF 


CRCI = 0: 
Initial value = $0000 


(8) ACOR (Automatic Correction) bit 
This bit selects whether or not the HOC will automatically 
correct an error detected 
in DATA area during RD com- 


mand execution. 


Automatic 
correction mode is valid when ECC is specified 
as the error check code of DATA area and the sector length 
is 256 bytes (RL = $01, ECD = 1). For any other cases 
specify "0" to the ACOR bit. 


OM1 (Operation 
Mode 1) 
(1) DTM (Data Transfer Mode) bit 
This bit is used to specify data transfer operation between 
the HOC and the main memory during the execution of the 
following commands: 


RD 
RED 
RID 
RIS 
FID 
WD 
CMPD 
WFM 
WFS 


These commands normally perform transfer between drive 
and memory via HOC data buffers. However, it is possible 
to cease iransfer 
between 
the HOC and memory 
during 


these command execution by utilizing DTM bit. 


DTM = 1: DMA mode 


DtM = 0: PIO mode 


In DMA /node, the HOC performs 
transfer between drive 
and memory 
via HOC data 
buffer. 
In this case, DMA 
transfer is performed 
between the HOC and memory, and 
transfer mode is specified by BRST bit. 


In PIO mode, the HOC performs transfer between drive and 
the HOC. In this case, transfer between the HOC and main 
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memory must be supported 
by the host system using one 


of four buffer access commands of the HDC: MTB, BTM, 
OPBR, and OPBW. 


(2) 
BRST (DMA Burst) bit 
This bit 
specifies DMA transfer 
mode 
of buffer 
access 


commands 
and 
drive 
access commands 
which perform 
transfer between the HDC and the main memory. 


BRST = 1: Burst mode 


BRST = 0: Cycle Steal mode 


(3) CEDM, SEDM, DERM bits 
CEDM (Command 
End Mask), SEDM (Seek End Mask), 
and DERM (Drive Error Mask) bits specify whether the 
IRQ signal is to be asserted or not. CEDM, SEDM, and 
DERM correspond 
to CED (Command 
End), SED (Seek 


End), and DER (Drive Error) bits in STR (Status register). 


1: iRO is masked (not asserted). 


0: 
IRQ is not masked (asserted). 


Mask bit 
Corresponding bits in STR 


CEDM 
CEO 
bit 5 


SEDM 
SED 
bit 4 


DERM 
DER 
bit 3 


(4) 
AMEX (Address Mark Excluded) bit 
This bit specifies whether or not the byte-synchronization 
pattern 
marking the beginning of ID area or DATA area 


(AM in soft sector, SYNCPAT in hard sector) 
is to be 


included 
in the CRC or ECC error detection 
span. The 


AMEX bit affects the byte length of ID PAD area and 
DATA PAD area. 


AM or SYNCPAT 
PAD length 


AMEX= 1 
Excluded 
2 bytes 


AMEX =0 
Included 
3 bytes 


(5) PSK (parallel Seek) bit 
This bit specifies seek operation 
mode, and is valid only 


in ST506 interface (in SMD interface, PSK must be fIXed 
to 
"1"). 
The HDC specifies step pulse issue timing by 


utilizing the value of OM2, SH, and PSK bits. 


PSK = 0: Normal Seek mode 


PSK = 1: Parallel Seek mode 


In Normal Seek mode, the HOC issues step pulses in long 
cycle (0.1-32 
ms). SEK and RCLB command 
execution 


ends when the HDC issues step pulses and then detects 
seek end. 


In Parallel Seek mode, the HDC issues step pulses in short 
cycle (0.5-115 
jlS). SEK and RCLB command 
execution 


ends when the HOC issues step pulses. Since the HDC does 
not check the seek end, parallel seek operation in multiple 
drives is realized by issuing SEK or RCLB command 
to 


these 
drives. Seek end is to be checked by using POL 


command. 


OM2 (Operation Mode 2) 
This 8-bit register specifies step pulse low width in ST506 inter- 
face, and specifies drive cdntrol output signal during disk read 
command execution in SMD interface. 


In ST506 interface, OM2 indicates SL which specifies step pulse 
low width 
(STPL 
Step Pulse Low). 
Low-speed seek mode 


(Normal Seek mode) is selected when PSK = 0, and high-speed 
seek mode (parallel Seek mode) 
is selected when PSK = 1. 


Highest seek speed is realized when PSK = 1 and SL = $FF. The 
relation between step pulse low width and SL is shown in the 


following Table (see Step Pulse High/Record 
Length regiSter to 
specify step pulse high width). 


Seek Mode 
Sl 
STPl (step pulse low) 


Normal seek (PSK = 0) 
Sl = $00 
STPl = 988 ClK 


$01 ~Sl~$FE 
STPl = (Sl - 1) x 1280 + 2364 ClK 
(1) 
(254) 
(2364 clK 
~ STPl ~ 326204 ClK) 


Sl - $FF 
Disabled 


Parallel seek (PSK = 1) 
Sl = $00 
STPl 
= 27ClK 


$01 ~Sl~$FE 
STPl = Sl x 6 + 28 ClK 
(1) 
(254) 
(34ClK ~ STPl ~ 1152 ClK) 


Sl = $FF 
STPl - 5ClK 
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In SMD interface, 
OM2 specifies drive control 
output 
signal 


from the HOC during data read command execution. 
In data 
write command (all the commands that assert WGATE signal) 
and SEK, RCLB command execution, outputs of drive control 
signals are low regardless of the contents of OM2. Bits 4-7 
in 
OM2 are to be set to "0" . 


SOFM bit: 
With SOFM = 1, the drive head is offset from 
the normal position away from the spindle. 
SOFP bit: 
With SOFP = I, the drive head is offset from 
the normal position towards the spindle. 


STBL bit: 
With STBL = 1, the data from the drive PLO 
data separator is strobed later than usual. 


STBE bit: 
With STBE = 1, the data from the drive PLO 
data separator is strobed earlier than usual. 


Strobe Early 
Strobe Late 
Servo Offset Plus 
Servo Offset Minus 


CUL (Connecting Unit List) 
This register stores bit-map information 
indicating which drive 
is connected to the HOC. 


In ST506 interface, bits 0-3 
correspond to drives 0-3 
respec- 
tively. To connect a drive, write "I" 
into the corresponding bit 
(up to 4 drives can be connected). 


Drive Unit 0 
Drive Unit 1 
Drive Unit 2 
Drive Unit 3 


In SMD interface, bits 0-7 
correspond to drives 0-7 
respective- 
ly. To connect a drive, write "I" 
into the corresponding bit (up 
to 8 drives can be connected). 


Drive Unit 0 
Drive Unit 1 
Drive Unit 2 
Drive Unit 3 
Drive Unit 4 
Drive Unit 5 
Drive Unit 6 
Drive Unit 7 


TO/NCH, NCL (ReadlWrite Time Over, Number of Cylinders 
High/Low) 
NCH and NCL registers specify the number of cylinders in disk 
drive, and time-over during disk access command execution. 


(l) 
TO (Read/Write Time Over) 
The high-order 6 bits in TO/NCH are used to assign the 10 
search time: time-over (tover). According to the value of 
TO, the HOC sets time-over period as follows. 


$01 ~ TO ~ $3F (TO = $00 is prohibited.) 
TO x 8 X 104 CLK ~ tover ~ (TO + 1) x 8 X 104 CLK 


(2) NC (Number of Cylinders) 
The low-order 2 bits of TO/NCH and 8 bits of NCL specify 
the number of cylinders (NC). NC is 1023 at a maximum. 
Its value is number of cylinders minus 1. 


The HOC uses NC to issue NC + 10 step pulses durin~ 
RCLB command execution (ST506 interface), 
or to check 
whether 
or 
not 
the 
command 
parameter 
NCA 
(Next 
Cylinder 
Address) 
exceeds 
NC 
during 
SEK command 
execution. 


8 


NCH 


NH (Number of Heads) 
This register indicates the number of heads. Its value is to be 
number of drive heads minus 1. 


In disk access command execution, the HOC checks whether or 
not PHA (physical Head Address) specified by command param- 
eters exceeds NH. When PHA exceeds NH, the HOC sets IPH 
(Invalid Physical Head Address) to result parameter SSB (Sense 
Status Byte) and abnormally terminates the execution. 


To select a head during multiple track operation in disk access 
command execution, the HOC checks whether PHA exceeds NH 
or not. When PHA exceeds NH, the HOC sets IPH to SSB and 
abnormally terminates the execution. 
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In ST506 
interface, 
up to 8 heads can be selected ($00 ~ 
NH ~ $07). Bits 3-7 must be fixed to "0". 


7 
6 
5 
4 
3 
2 
1 
0 


0 
0 
0 
0 
0 
2' 
2' 
'l' 


In SM9 interface, 
up to 32 heads can be selected (SOO~ NH 
~ SIF). Bits 5-7 must be fixed to "0". 


7 
6 
5 
4 
3 
2 
1 
0 


0 
0 
0 
2' 
2' 
2' 
2' 
'l' 


NS (Number of Sectors) 
This register indicates the number of sectors. Its value is number 
of sectors/track minus I (SOO~ NS ~ SFE). 


In 
data 
read/write 
command 
execution, 
the 
HOC checks 
whether LSA (Logical Sector Address) exceeds NS or not. 


In 
multiple 
sector 
operation 
in 
data 
read/write 
command 
execution, 
the HOC checks whether 
LSA exceeds NS or not 
each time LSA is incremented 
after one sector operation. 
If 
LSA exceeds NS, the HOC sets "0" 
to LSA, increments LHA 
and PHA, and compares NH and PHA. If NH exceeds PHA, the 
HOC executes multiple track operation. If PHA exceeds NH, the 
HOC sets lPH (Invalid Physical Head Address) to result paramo 
eter SSB and abnormally terminates the execution. 


(l) 
SH (Step Pulse High) 
The high-{)rder 5-bit SH/RL indicates step pulse high width 
(STPH: Step Pulse High) in ST506 interface. 


STPH is fixed to 2CLK in highest speed seek mode (PSK 
= I and SL = SFF). Otherwise, SH sets STPH regardless of 
the PSK bit. The relation between STPH and SH is shown 
in the following table. SH is ignored when maximum speed 
seek mode is selected in ST506 interface. 


In SMD interface, 
the high-{)rder 5 bits are to be fixed to 


"0". 


SH = • 
• : don't care 
STPH = 2 ClK (Note 1) 


STPH = 3 ClK 


STPH 
= 
SH 
x 
3 
+ 
1 
CLK 
(4 ClK ~ STPH ~ 
94 CLK) 


SH = $00 


$01 ~SH~$1F 
(1) 
(31) 


(2) 
RL (Record Length) 
The low·order 
3·bit SH/RL 
indicates 
record length per 
sector. 


RL 
Record length 


Bit 2 
Bit 1 
Bit 0 


0 
0 
0 
Inhibited 


0 
0 
1 
256 bytes 


0 
1 
0 
512 bytes 


0 
1 
1 
1024 bytes 


1 
0 
0 
2048 bytes 


1 
0 
1 
4096 bytes 


1 
1 
0 
Inhibited 


1 
1 
1 
Inhibited 


GPL1,2 (Gap Length 1, 2) 
These registers specify the length of gap and SYNC area in the 
sector during WD and WFM command execution. 


GPLI 
specifies the length of gap areas (GAPI in soft sector, 


HEAD SCAT in hard sector) that follow an index or a sector 
pulse by byte. It is used for WFM command execution. These 
areas are formatted 
6 bytes longer than the value set to GPLI 


during the command execution. 
[Soo ~ GPLI ~ SFF] 
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GPL2 specifies the length of SYNC area located at the begin· 
ning of ID and DATA areas by byte. It is used for WD and 
WFM commands. This area is formatted 3 bytes longer than the 
value set to GPL2 during the command 
execution. 
[$08 -;;;; 


GPL2 -;;;;$FF] 


GPL3/RGTLT 
(Gap Length 3, Read Gate Latency) 
GPL3/RGTLT 
specifies the length of GAP3 for the soft sector 


and read gate latency delay for the hard sector by byte. 


GPL3 specifies the length of GAP3 located 
at the end of a 


sector in soft sector format by byte. It is used for WFM com· 
mand. This area is formatted 
3 bytes longer than the value set 


to GPL3. [$09 -;;;;GPL3 -;;;;$FF] 


RGTLT specifies the time period between the detection of an 
index or a sector pulse and the assertion of RGATE in unit of 
byte. It is used for disk read commands. RGATE is asserted 5 
bytes later than the value set to RGTLT. RGTLT must be set 
to assert RGATE at the beginning of or before PLO SYNC area 
in the ID field. During RIS command execution, 64 bytes are 
added to the amount of latency automatically. 
[$00 -;;;;RGTLT 


-;;;;$FF] 


LCCH, LCCL (Low Current Cylinder 
High/Low) 
For the inner cylinders of the drive, it is necessary to reduce 
write current during WFM and WD command execution. These 
registers specify address of the outermost 
cylinder from where 


write current 
is reduced. This is valid only in ST506 interface. 


When a disk write command is executed to any cylinder whose 
address is equal to or greater than LCC, the HOC asserts the 
LCT pin to high. [$0000 -;;;;LCC -;;;;NC (Number of Cylinders)] 


PCC (Precompensation 
Cylinder) 
This register specifies the address of the outermost 
cylinder 


from where compensation 
of the bit data timing is required. 
This is valid only in ST506 interface. When a disk write com· 
mand is executed to any cylinder whose address is equal to or 
greater than PCC, either EARLY or LATE signal is generated 
in accordance with the bit data timing. [$0000 -;;;;PCC -;;;;NC] 


OTHER 
COMMAND 
PARAMETERS 
The follOWing describes command parameters 
other than SPC 
command parameters in alphabetical order. 


(1) FLAG 
This parameter is used to specify the FLAG byte of ID area 
of a hard sector that the HOC will access. If the FLAG 
given by the 
command 
parameter 
does not 
match 
the 


FLAG read from ID area of the disk, the HOC will not 
access the sector. 


(2) LCA (Logical Cylinder Address) 


This parameter 
is used to specify the logical cylinder ad· 


dress of ID area (16 bits: the high-order 8 bits for LCAH 
and the low-order 8 bits for LeAL) of a sector that the 
HOC will access. If LCA given by the command parameter 
does not match LCA read from ID area, the HOC will not 
access the sector. In soft sector format, it is prohibited 
to 


specify $F8 to the high-order 8 bits (LCAH). 


(3) LHA (Logical Head Address) 
LHA is used to specify the logical head address of ID area 
of a sector that the HOC will access. If LHA given by the 
command parameter does not match the LHA read from ID 
area, the HDC will not access that sector. In multiple track 
operation, 
LHA is automatically incremented by one. Since 


LHA is logical, it may exceed the number specified by the 
parameter NH (number of heads). 


(4) LSA (Logical Sector Address) 
LSA is used to specify the logical sector address of ID area 
that the HOC will access. If LSA given by the command 
parameter does not match LSA read from ID area, the HOC 
will not access the sector. In multiple sector operation, LSA 
is 
automatically 
incremented 
by 
one. 
Since 
LSA 
is 


compared with the control register NS (number of sectors) 
for switching of heads, the LSA must not exceed the NS. 


(5) NCA (Next Cylinder Address) 
This parameter 
is used to specify the physical address (10 


bits) of a cylinder to which the head will move when a SEK 
command 
is issued. The 
outermost 
cylinder 
address 
is 


$0000. The high-order 8 bits of NCA are used for NCAH 
and the low·order 8 bits for NCAL. The high-order 6 bits 
of NCAH must be fIXed to "0". If NCA exceeds NC, com· 
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(6) OFFSET 
OFFSET specifies how many lecton 
to be IIdpped reading 
after an Index pulle. Then the HOC reads lD fields, and 
stores them Into the data buffer. 


(7) PHA (Phylical Head Address) 
The MPU specifies PHA when Issuing a disk acce•• com· 
mand. Unlike UfA, PHA Is physical, and the bit status of 
PHA II directly output 
81 HSEL signals. The hlgh-order 5 
bits of PHA must be fixed to "0" for ST506 Interface, and 
the h1gh-order 3 bits for SMD Interface. In multiple track 
operation, PHA Is automatically 
Incremented by one with· 


In the HOC if another head switching is required. If PHA 
exceeds the value given by NH, the command execution 
will abnormally terminate. 


(8) POFF (pointer Offset) 
The MPU specifies a transfer start address (16 bits) when 
issuing a command for accessing the data buffer. The MSB 
of the high-order 8 bits (POFFH) selects one of two data 
buffers, 
and the remaining 7 bits must be fixed to "0". 
The low-order 
8 bits (POFFL) 
specifies a transfer 
start 
address of the selected data buffer (256 bytes). For the 
16·bit data bus, POFF is limited to an even address only. 


(9) PSA (Physical Sector Address) 


This parameter 
is used to specify a physical address of a 
hard 
sector 
at which the execution 
of RID, RlS, FID, 
WFM, or WFS starts. If PSA is $00, the sector follOWingan 
index pulse is specified. 


(10) 
SeNT (Sector Count) 
ThIs parameter 
is uled 
to specify the number of lectors 


(16 bits) that the HOC will continuously 
aeee•• In a disk 


acce•• command execution. 
Upper 8 bits are SCNTH, and 
lower 8 bits are SCNTL. Up to 1024 lectors are specified 
In ST506 Interface (128 lecton 
x 8 heads), and up to 8160 
secton 
are specifiable In SMD Interface (255 lectors x 32 


heads). For commands relating to the lD (RID and WPM), 
they 
perform 
no multiple 
track operation. 
In addition, 


maximum 
number 
of lecton 
that can be formatted 
at i 


time by WPM command Is 128 for soft sector, and 102 for 
hard lector. 


(11) 
US (Unit Select) 
The MPU specifies the address (8 bits) of a target drlve 
when Issuing a head positioning, disk access or drive check 
command. 
The contents 
of US are directly output 
from 
USEL signals. The high-order 6 bits of US must be fixed to 
"0" for ST506 interface, and the h1gh-order 5 bits for SMD 
interface. US is the high-order 8 bits of a 16-bit word, and 
the low-order 8 bits of the word are PHA or $00. It is not 
necessary to issue SOO to the low-order 8 bits when CKY or 
RCLB command is issued. 


RESULT 
PARAMETERS 
Result parameters 
are listed in Table 9. In this table, result 


parameters used by the HOC to control ST506 type hard disk 
drive are found in the upper row of each command, and those 
for SMD type in the lower row. 
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Parameter 
(upper 
row: 
ST506) 
Command 
Lower row: 
SMD 


Recalibrate 
$00 
SSB US VUL 


$00 
SSB US VUL 


Specify 
($00 
SSB) 


($00 
SSB) 


Seek 
$00 
SSB US VUL 


$00 
SSB US VUL 


Read Data 
$00 
SSB US PHA 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 


$00 
SSB US PHA 
$00 
FLAG 
LCAH 
LCAL 
LHA 
LSA SCNTH 
SCNTL 


Read Erroneous Data 
$00 
SSB US PHA 
SCNTH 
SCNTL 


$00 
SSB US PHA 
$00 
PSA 
SCNTH 
SCNTL 


Read 10 
$00 
SSB US PHA 
$00 
SCNTL 
Read ID Skew 
(Note 1) 
$00 
SSB US PHA 
$00 
PSA 
$00 
SCNTL 


Find ID 
$00 
SSB US PHA 
$00 
SCNTL 


$00 
SSB US PHA $00 
PSA 
$00 
SCNTL 


Check Data 
$00 
SSB US PHA 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 


$00 
SSB US PHA $00 
FLAG 
LCAH 
LCAL 
LHA 
LSA SCNTH 
SCNTL 


Compare Data 
$00 
SSB US PHA 
LCAH 
LCAL 
LHA 
LSA SCNTH 
SCNTL 


$00 
SSB US PHA 
$00 
FLAG 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 


Write Data 
$00 
SSB US PHA 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 


$00 SSB US PHA 
$00 
FLAG 
LCAH 
LCAL 
LHA 
LSA 
SCNTH 
SCNTL 


Write Format 
$00 SSB US PHA 
SCNTH 
SCNTL 
Write Format Skew 
(Note 1) 
$00 
SSB US PHA 
$00 
PSA 
SCNTH 
SCNTL 


Memory to Buffer 
($00 SSB) 
($00 SSB) 


Buffer to Memory 
($00 SSB) 
($00 SSB) 


Open Buffer 
Read 
($00 
SSB) 


($OOSSB) 


Open Buffer Write 
($00 SSB) 
($00 
SSB) 


Polling 
$00 SSB US VUL 
$00 SSB US VUL 


Check Drive 
$00 
SSB US $00 DSTO $OQ 


$OQ SSB US $00 DSTO DST1 
DST2 
DST3 


Abort 
$00 
SSB 


$00 
SSB 


Check ECC 
$00 
SSB EAO EA1 
EPO EP1 EP2 $00 
$00 
SSB EAO EA1 
EPO EP1 EP2 $00 


Test 
($00 SSBI 
($00 SSB) 


Polling Disable 
($00 
SSB US VUL) 


($00 
SSB US VUL) 


Recall 
($00 
SSB US VUL) 


($00 
SSB US VUL) 
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Bit 
7 
e 
6 
4 
3 
2 
, 
0 


ST60e 
DSTO 
READY 
SCP 
TRKO 
0 
WFLT 
0 
0 
0 


DSTO 
• 
• 
. 
WPRT 
FLT 
SKERR 
OCYL 
URDY 


DST' 
• 
• 
SELER 
WERR3 
WERR2 
WERR' 
SERR2 
SERR' 


SMD 
DST2 
· 
· 
SAD32 
SAD,e 
SADS 
SAD4 
SAD 2 
SAD' 


DST3 
· 
· 
DTP32 
DTP,e 
DTPS 
DTP4 
DTP2 
DTP, 


Each bit of OST indicates 
drive Interface 
Input signal level. 


OSTO (I 
byte) 
Is reported 
In STS06 Interface, and DSTO-3 
(4 bytes) are reported In SMO Interface. 


In STS06 Interface, the WFLT bit In OSTO Indicates the signal 
level of 
WFLT 
pin. 
Even 
if WFLT signal is momentarily 
asserted, the Intemallatch 
memorizes this and reflects its state 
on WFLT bit. When WFLT signal is negated, the latch read 
operation by the HDC clears this latch. 


In SMO Interface, the HDC reads 8 bits by 4 words of the 
drive status signal which is selected by signals TAG2 and TAGS. 


TAG2 


o 


o 


TAG5 


o 
DSTO 


DSTI 


DST2 


DST3 


Following 
(1) 
through 
(5) are read 
during CKV command 
execution and checked during disk access command execution. 
OSTl 
through 
DST3 are referred 
to during CKV command 
execution. 


Status that each bit in DSTl-3 
indicates may vary according to 
the drive connected to the HDC. Following descriptions indicate 
OST bit function 
when the HOC is connected to a Hitachi 8" 
disk drive, DK-8I2S. 


(1) 
URDY (Unit Ready) 
This bit indicates that a selected drive is in ready state. 


(2) OCYL (On Cylinder) 
This bit indicates that a head is positioned correctly on a 
track. 


(3) SKERR (Seek Error) 
This bit indicates that errors have been detected in a drive 
during seek operation. 


(4) 
FLT (Fault) 
This bit indicates that errors relevant to disk access have 
been 
detected 
in 
the 
drive. 
Result 
parameter 
OSTl 
indicates what type of error has occurred. See (6) through 


(11) for OST bits Indicating error status. 


(5) WPRT (Write Protected) 
This bit Indicates that a selected drive Is write protected. 


(6) SERRI (Status Error 1) 


(7) 
SERR2 (Status Error 2) 


(8) WERRI (Write Error 1) 


(9) WERR2 (Write Error 2) 


(10) 
WERRJ (Write Error 3) 


(11) 
SELER (Select Error) 


(12) 
SADI-32 
(Sector Address) 


(13) 
OTPI-32 
(Drive Type) 


EA (Error Addreu) 
Reports the start address (16 bits) of a byte from where the 
burst error that 
is detected 
during CKE command execution 


exists. The high-order 8 bits are EAO, and the low-order 8 bits 
are EAI. As the HOC corrects up to 11 bits of burst error, the 
MPU corrects contiguous 3 bytes starting from a byte specified 
by EA. EA = $סס oo indicates a start address of sector data. 


EP (Error Pattern) 
Reports EPO, EPI, and EP2 as the pattern 
required for error 


correction 
as a result of CKE command execution. 
The MPU 


exclusive.QR 3-byte data containing errors with EPO, EPI, and 
EP2. 


FLAG (Flagl 
Reports 
the 
same value as 
FLAG 
specified 
by 
command 


parameters. 


LeA (Logical Cylinder Address) 
Reports 
the 
same 
value 
as 
LCA 
specified 
by 
command 


parameters. 


LHA (Logical Head Addreu) 
Bit organization 
of LHA is the same as that of the command 


parameter 
LHA. 
In 
multiple 
track 
operation, 
LHA 
is in- 


cremented by one each time access to one track ends. 
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LSA (Logical Sector Address) 
Bit organization 
of LSA is the same as that of the command 
parameter 
LSA. 
In 
multiple 
sector 
operation, 
LSA is in- 


cremented by one each time access to one sector ends. 


PHA (Physical Head Address) 
Bit organization 
of PHA is the same as that of the command 
parameter 
PHA. 
In 
multiple 
track 
operation, 
PHA is in- 


cremented by one each time access to one track ends. 


PSA (Physical Sector Address) 
Bit organization 
of PSA is the same as that of the command 
parameter 
PSA. 
In 
multiple 
sector 
operation, 
PSA 
is in· 
cremented by one each time access to one sector ends. 


SCNT (Sector Count) 
Bit organization 
of SCNT is the same as that of the command 
parameter 
SCNT. In multiple 
sector operation, 
SCNT is de· 


cremented 
by one each time access to one sector ends. When 


SSB (Sense Status Byte) 
This is the area where 8-bit error code is set ($00 is set for 
normal 
termination). 
There are 25 error codes which notify 
what kind of error has occurred during the command execution 
(See Tables 11-14). 


US (Unit Select) 
Reports the same value as US specified by command parameters. 


VUL (Valid Unit List) 
VUL is a bit·mapped list which gives the address of a drive that 
is ready to accept a head positioning or a disk access command. 
Its bit organization 
is the same as that of CUL. This bit is set 
when seek operation 
in the drive is terminated, 
or when SPC 
command 
is executed. 
This bit is reset when seek operation 
starts, when drive error occurs, or when the bit in CUL cor· 
responding to the drive is not set to "I" . 


Mnemonic 
Name 
Error Code 
Contents 


ABT 
Command Aborted 
04 
ABT command has been accepted. 


IVC 
Invalid Command 
08 
An invalid command has been accepted. 


PER 
Parameter Error 
OC 
The command parameter has not been stored in an appro· 
priate area in PB. 


NIN 
Not Initialized 
10 
Head positioning. disk access. and drive check commands 
have been accepted, before SPC command is executed. 


RTS 
Rejected Test 
14 
The TST command is received after SPC command has been 
received. 


Mnemonic 
Name 
Error Code 
Contents 


NUS 
No USELD 
18 
USELD signal for a selected drive has not been returned. 


WFL 
Write Fault 
1C 
WFLTsignal (ST506 interface) or FLT signal (SMD 
interface) has been detected. 


NRY 
Not Ready 
20 
READY signal has been negated. 


Mnemonic 
Name 
Error Code 
Contents 


NSC 
No SCP 
24 
SCP signal (ST506 interface) or the SKEND signal (SMO 
interface) has not been returned in a certain period. 


ISE 
In Seek 
28 
SEK, or a disk access command has been issued for a drive 
in seek operation. 


INC 
Invalid NCA 
2C 
NCA (Next Cylinder Address) greater than NC (number of 
cylinders) has been specified. 


ISR 
Invalid Step Rate 
30 
The highest-speed seek has been specified in the normal 
seek mode. 


SKE 
Seek Error 
34 
SEK or a disk access command has been issued to a drive 
which is in seek error state (SMD only). 
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Mnemonic 
Name 
Error Code 
Contents 


OVR 
Over Run 
38 
A transfer between the main memory and data buffers has 
not caught up with a transfer between a drive and data 
buffers. 


IPH 
Invalid PHA 
3C 
PHA (Physical Head Address) greater than NH (Number of 
Heads) has been specified. 


DEE 
DATA Field ECC Error 
40 
A data error has been detected by ECC (Error Correction 
Code). 


DCE 
DATA Field CRC Error 
44 
A CRC (Cyclic Redundancy Check Code) error has occurred 
in DATA area. 


ECR 
Error Corrected 
48 
An ECC error detected in DATA area has been 
automatically corrected. 


DFE 
DATA Field Fatal Error 
4C 
A fatal ECC error has occurred in DATA area. 


NDA 
No DATA AM 
60 
The address mark in DATA area has not been detected. 


NHT 
Not Hit 
50 
In CMPDcommand execution, data from the host and disk 
data have not coincided with each other. 


ICE 
10 Field CRC Error 
54 
A CRC error in ID area has been detected in RID 
command execution in SMD interface. 


TOV 
Time Over 
58 
10 has not been found in the' period specified by TO (Time 
Over). 


NIA 
No 10 AM 
5C 
The 10 area that begins with improper address mark has been 
detected. 
.. 


NWR 
Not Writable 
64 
WD command has been issued to a drive where the write 
protect signal is asserted (SMD interface) 


DISK 
READ 
The ID search timing for RD or WD command 
execution is 
shown in Figure 27. (a) is the timing where AM is found. SYNC 
signal is negated 4-bit period (on the basis of disk data) after 
CRC pattern 
of ID area is completed. 
After reading CRC, the 


HDC switches the clock in the satellite processor from RCLK to 
WCLK and then negates SYNC signal. 


RCLK and WCLK clock signals are independent 
each other. To 
remove the hazard during switching, the switching signal and the 
clock signal must be synchronized. Therefore, SYNC is normally 
negated 4-bit period after reading CRC to switch the clock in 
the satellite processor from RCLK to WCLK. 


RGATE signal is usually negated 4-bit period after SYNC signal 
is negated, and then asserted again one to two-byte period later 
to read SYNC area preceding DATA area. RGATE is asserted 
for I-byte period when the AMEX bit is set to "1" during SPC 
command 
execution, 
and for 2-byte period when set to "0". 


When AM is not found as shown in (b), the HOC searches for 
AM again by negating both SYNC and RGATE signals. RGATE 
signal is usually 
negated 
4-bit period 
after 
SYNC signal is 
negated, and is negated for 2-byte period. 


As the MFM is specified during SPC command execution, the 
frequency of clock signals synchronizing with disk data (such as 
RCLK, WCLK) is .doubled compared to the data transfer rate. 


Therefore, 
"4-bit 
period" 
or "I-byte 
period" 
description 
is 


formally expressed as "8 WCLK cycles" or "16 WCLK cycles" 
respectively. 


After reading DATA area and ECC or CRC area by RD com- 
mand execution, 
RGATE and SYNC signals are negated in the 


same timing as they are negated after reading ID CRC area (see 
Figure 27 (a)). 


DISK WRITE 
The timing of WGATE signal for WD command 
execution is 


shown in Figure 
28. The HDC 
negates RGATE signal after 
reading 
ID area. Then WGATE signal is asserted I or 2-byte 


period after RGATE is negated (2-byte when AMEX specified by 
SPC command is at "0", I-byte when AMEX is at "I"). WGATE 
signal is negated immediately 
after PAD of DATA field ends. 


The relation 
between 
IDX signal and WGATE signal during 


WFM command 
execution 
is shown in Figure 
29. WGATE 
signal rises almost simultaneously 
with IDX signal (refer to elec- 


trical characteristics), 
and falls 3-byte or 4-byte period after IDX 


signal rises. The condition of EARLY and LATE signal genera- 
tion is shown in Figure 8. 


HEAD 
POSITIONING 
The relation between DIR, STEP, and SEEK signals is shown in 
Figure 30. The unit is the number of CLK cycles (tcyc)' 
When 8 MHz clock signal is supplied to CLK, STEP signal is 
output at least 33.8 jlS after D1R signal becomes valid. 
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HD63463 


Data 
0 
• 


RWDATA 
n 
<rF\ 


EARLY 


Data bit 


Data 
0 
• 
I 
, 
I 


RWDATA 
R=?: 
ILl- 
, 
I 


LATE 


Data 
0 
0 
0 


RWDATA 


EARLY 


Clock bit 


Data 
0 
0 
0 


RWRLY 


LATE 


DRIVE 
SELECTION. 
STATUS 
CHECK. 
FAULT 
CLEAR 


The HDC perfonns 
drive selection, 
status check, and Fault 


Clear, 
for 
all disk control 
command 
execution. 
Figure 
35 


shows the drive selection timing. The drive receives BUS. !BUSs 
-BUS.!BUS. 
from the HDC and latches them using UTAG 


signal. If the drive judges that its own drive number is specified, 
it returns USELD signal within 9 CLK after the detection 
of 


UTAG signal. Figure 36 shows the drive status check sequence. 
The HDC changes the direction of BUS.!BUSs -BUS.!BUS. 
before reading the status. Then the HDC sets BUSL!H signal to 
high, therefore, the external circuit of the HDC can supply drive 
status 
signal to the 
HDC dUring this period. 
At this time, 
BUSL!H is in high, and lower 5 bits are input to the HDC. 


The 
HDC 
resets FLT after 
reading 
the drive status 
which 


includes Fault, and the timing is shown in Figure 37. To set the 
high·,nder 
5 bits of BUS outputs to low, the HDC sets BUS.! 


BUSs-BUS.!BUS. 
to 
low, 
and 
asserts 
TAG3 
signal with 


maintaining 
BUSL!H in low. In external circuits of the HDC, 
BUS.!BUSs-BUS.!BUS. 
is latched by using TAG3 signal asa 


strobe 
signal. If BUSL{lf is in low, external circuits must be 


used not to supply TAG3 signal of the HDC to the drive. Then, 
the HDC outputs 
the low-order 
5-bit infonnation 
to BUS.! 
BUSs -BUS.!BUS., 
sets BUSL!H signal to high, and asserts 


TAG3 signal. The external circuits provide the drive with above 
mentioned 
5-bit latch outputs, 
the low-order 5-bit outputs on 


BUS.!BUSs-BUS.!BUS., 
and TAG3. In Fault Clear, BUSL!A 
signal is in high, and only BUS.!BUS. 
is in high. 


Head selection is perfonned 
by disk access commands. Figure 
40 shows the head selection timing. Upper 5 bits are in low, 
and the head address is supplied from the low-order 5 bits of 
BUS. At this time, TAG2 signal is used as a strobe signal. 


Further, 
in the execution 
of disk access command group, the 


HDC asserts TAG3 and generates RGATE or WGATE signal.' 
Figures 41, 42 and 43 show the total sequence. When TAG3 is 
asserted, 
the high-order 
5 bits of BUS output 
Strobe Early! 
Late and RTZ (it is not used for disk access). Then, the HDC 
outputs 
the low-order 5 bits. Servo offset is specified in figure 
42. When TAG3 is asserted along with BUS,!BUS, 
or BUS3! 


BUS., 
servo offset is perfonned 
in the drive. Therefore, 
the 


head is moved and the HDC waits until SKEND signal is reo 
turned from the drive. Then, the HDC asserts BUS,{BUS. 
and 
supplies 
RGATE 
signal to 
the 
drive 
to perfonn 
the 
read 
operation. 


Figure 43 shows assert!negate 
timing of RGATE and WGATE 
signals which correspond to the disk fonnat. During disk access 
command 
or ID read command 
execution, 
RGATE signal is 
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asserted after a time period corresponding to byte count of disk 
data has elapsed since IDX or SEC signal is detected. After read- 
ing CRC, the HOC itself switches the clock to WCLK signal, 
then negates RGATE signal with a typical delay time equivalent 
to 8 bits of disk data. 


To read the data field, the HOC asserts RGATE again with a 
dwell time of 1-2 bytes period. RGATE is negated for I-byte 
period when AMEX bit is set to "I" 
during SPC command ex- 
ecution, 
and 2-byte period when AMEX bit is set to "0". The 
HOC negates RGATE signal 8-bit period after reading CRC or 
ECC in data field. 


To write the DATA field, the HOC reads ID area and asserts 
WGATE signal 1-2 bytes period after RGATE signal is negated. 
WGATE signal is to be negated when DATA PAD ends. During 
WFM command 
execution, 
WGATE signal rises in the same 
timing as IDX signal, and is negated 3--4 bytes period after IDX 
or SEC signal is detected. 


Figure 38 shows the execution timing of RCLB command. RTZ 
instruction 
is supplied to the drive through BUSt/BUS. 
and 
TAG3. Figure 39 shows the execution timing of SEK command. 
IO-bit cylinder address is output through BUSo/BUS,-BUS4/ 
BUS., 5 bits at a time. Strobe signal is TAGI at this time. 


Figures 44, 45, 46 and 47 shows the execution timing of CKV 
command. 
The HOC reads 8-bit drive status through 
BUSo/ 
BUS, -BUS4/BUS., 
3 bits first and then 5 bits. Then the HOC 
reads status four times by switching TAG2 and TAGS signals. 
Switching order is: [TAG2 = 0, TAGS = I), [TAG2 = 0, TAGS 
= I), [TAG2 = I, TAGS = OJ, [TAG2 = 1, TAGS = 1). 


COMMON 
CONTROL 


The control which is common to both STS06 and SMD inter- 
faces is described in this section. 


AUTOMATIC 
CORRECTION 
In SPC command 
execution, 
the HOC operates in automatic 


correction 
mode if the host sets both ECD and ACOR bits in 
OMO to "1". If a sector with correctable errors is detected, the 
erroneous 
data is corrected 
in data buffers. Automatic 
correc- 
tion 
is normally 
performed 
only when the sector length is 


256 bytes. Specification 
of the automatic 
correction 
mode is 
prohibited 
when the sector length is longer than 512 bytes 
because it causes the erroneous operation of the HOC. 


If DTM (Data Transfer Mode) bit in OMOis set to "1" as well 
as ECD and ACOR bits during SPC command execution, 
the 
HOC transfers the corrected data to the main memory in DMA 
mode 
after 
the 
automatic 
correction. 
Then, 
the 
command 
execution abnormally terminates. When DTM = 0, the command 
execution abnormally terminates after the automatic correction 
and data transfer is not performed. If the HOC finds the data 
uncorrectable, 
the command execution 
abnormally 
terminates 
without data transfer regardless of the state of DTM bit. 


CORRECTION 
BY 
HOST 
The host corrects erroneous data detected during RD command 
execution when it sets ECD and ACOR bits in OMOto "1" and 
"0" respectively. When ECD bit is set to "1", the host corrects 
erroneous 
data detected 
during RED command 
execution 
if 
necessary, regardless of the status of ACOR bit. The command 


execution 
abnormally 
terminates 
when 
erroneous 
data 
is 


detected 
during any command execution. 
Then $40 is set to 


SSB when an error is correctable, $4C when not correctable. 


When DTM = 1, the HOC sends I-sector data including an error 
dUring RD or RED command 
execution 
and then abnormally 


terminates 
the command execution. 
After confuming 
that $40 


is set to SSB, the host issues CKE command to the HOC. 


When DTM = 0, the HOC abnormally terminates the command 
execution after I-sector data including an error is stored in the 
data buffer during RD or RED command execution. After con- 
firming that $40 is set to SSB, the host issues BTM command to 
the HOC after DMAC's initialization, or, issues OPBR command 
and reads data buffers using move and load instructions 
and 


then stores buffer data to the main memory. Then, the host 
issues CKE command to the HDC. 


Receiving CKE command, the HOC calculates an error address 
(EA) and an error pattern 
(EP), and then sends result param- 


eters to the host. The erroneous data exists in three contiguous 
bytes of the corresponding sector in main memory. EA indicates 
start address of this 3-byte area ($0000 indicates a start address 
of sector data). The host exclusive-0R the 3-byte area and EP 
to correct erroneous data. 


The host judges eKE 
command 
execution 
end from status 


change of BSY bit from "I" 
to "0". 
When SSB is $4C, CKE 


command 
issue 
is 
prohibited 
as 
it 
causes 
the 
erroneous 


operation 
of the HOC. Even if errors are reported 
to be cor- 


rectable (SSB = $40) during RD or RED command execution 
and the host issues CKE command, these errors may turn out 
to be not correctable after CKE command execution. 


DMA 
DATA 
TRANSFER 
In DMA data transfer, 
the HOC selects one of two modes: 


Burst mode 
and Cycle Steal mode. 
DMA transfer 
mode is 


specified by BRST (burst) bit which is a command parameter 
of SPC command. 


In Burst mode (BRST = 1), the HOC maintains DREQ signal at 
low level until 
data 
transfer 
is terminated. 
DREQ signal is 


negated when DONE signal is input synchronously 
with I5Acr 


signal, or when DMA transfer of data in 2S6-byte internal data 
buffer is finished. 


In Cycle Steal mode (BRST = 0), the HOC asserts DREQ signal 
until DACK signal is asserted. The HOC negates DREQ signal 
when DACK ~ 
assertion is detected. 
DREQ signal will be 


reasserted 
if DACK is negated and the HOC has the transfer 


request. The DMA transfer conditions of Cycle Steal mode are 
the same as those of Burst mode. 


DATA 
TRANSFER 
IN 
HOST INTERFACE 
DMA Data Transfer in Disk Access 
DMA data transfer mode, either 
Burst mode or Cycle Steal 


mode, is selected by BRST bit specified by SPC command. 
Figure 9 shows DMA data transfer 
sequence during RD and 


RED command execution. 
For 2S6-byte sector, (a) shows the 


case that 
the host computer 
reads the disk data from data 


buffers 
(DBUFO and DBUFI) by DMA at a high speed. The 


capacity of two data buffers is 256 bytes for each. 
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If data buffers are not provided, most of high-speed host bus Is 
occupied by transferring drive data during low·speed reading of 
drive data. 


Internal 
data buffers can separate high·speed host bus timing 
and low-speed drive data timing, which effectively shorten drive 
data transfer time In host bus. Therefore, host system through- 
put is notably improved. The data transfer from data buffers to 
the main memory 
is performed 
only when the HOC is reading 
ID area or DATA area of the disk, but is exceptional when data 
In the last sector is transferred to the main memory during the 
multiple sector operation. 


Figure 9 (b) shows the low-speed DMA transfer of the host In 
256-byte 
sector organization. 
According to the figure, DBUFO 
receives data of the sector I, and DBUF1 receives that of the 
sector i+I. While DBUF1 is receiving the data of sector i+I, the 
data 
transfer 
from DBUFO to the main memory 
cannot 
be 
fmished because the host cannot operate promptly. 
Therefore, 
being unable to receive the data of i+2, DBUFO waits until the 
disk makes one rotation (all data of DBUFO is sent to the main 


manner, no data overrun occurs even if operation speed of the 
host is slow. Therefore, an Interleave format Is not required. 


Figure 9 (c) indicates the sequence In 512-byte sector organi- 
zation. 
Capacity 
of buffers 
is 256 bytes 
for each, and each 
buffer 
stores disk data 
and transfers 
the data to the main 
memory alternately. 
Therefore, 
buffers effectively operates In 
toggle fashion even if sector length exceeds 256 bytes, and host 
system throughput is improved. If operation speed of the host is 
too slow, data overrun may occur because data buffer cannot be 
emptied to receive disk data. The data transfer from data buffer 
to main memory must be terminated while the HOC is accessing 
disk data in ID or DATA area., 


If the HOC receives DONE signal from the DMAC during RD 
or RED command execution, the HOC immediately terminates 
DMA data transfer. Disk reading operation continues until the 
HOC fmishes reading the sector which has been read when 
DONE signal is applied. 


(a) Sector Length = 256 bytes (Fast Host Bus) 
- O-sector interleave - 


(b) Sector Length = 256 bytes (Slow Host Bus) 
- Free from Data Overrun - 


(c) Sector Length = 512 bytes 


~ 
: Disk .....• Oata Buffer 


~ 
: Data Buffer ~M8in 
Memory 
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DMA data transfer during WD and CMPD command execution 
is shown in Figure 10. This figure differs from Figure 9 (a) in 
data transfer direction, 
DMA transfer order, and access method 


of first and last sectors. In Figure 10, the host is fast and sector 
length is 256 bytes. When the host is slow and sector length is 256 
bytes, or when sector length is 512 bytes or more, data transfer 
sequence is the same as Figure 9. 


When the HOC receives DONE signal from the DMAC during 
WD command 
execution, 
the 
HOC immediately 
terminates 
DMA data transfer. Then all data stored in DBUFO and DBUFI 
are written to DATA area of the sector. !fthere 
is any room in 
DATA area after writing buffer data, the old data in buffers is 
written 
to DATA area. After DATA area is filled with buffer 
data, command execution terminates. 


When the HOC receives DONE signal from the DMAC during 
CMPD command execution, 
the HOC immediately 
terminates 
DMA data transfer. However, the data of the sector which has 
been accessed when DONE is received, is used for comparison 
with disk data, further, 
the reading operation 
continues until 
reading of the sector is fmished. Therefore, 
$50 (Not Hit) is 
set to SSB in most cases when reading of the sector is fmished, 
and then the command execution abnormally terminates. 


DMA data transfer during RID or FID command 
execution is 


performed as follows (see Figure 11). When DBUFO is filled with 
ID information, 
DBUF1 receives the succeeding 
ID informa- 


tion. DMA data transfer is not performed unless all the ID infor- 
mation 
is stored in data 
buffer. 
After DBUFO with/without 
DBUF1 
finishes 
accepting 
ID 
information 
from 
specified 


number of sectors, data are sent to the main memory by DMA. 
DMA data transfer continues until 512-byte transfer is finished. 


DMA data 
transfer 
can be stopped 
when the DMAC sends 
DONE to the HOC. Therefore, 
the host can store only the 
necessary ID information 
to the main memory by setting the 
number of ID areas to be read, to the DMAC. 


DMA data transfer during WFM command 
execution is shown 


in Figure 12. The HDC starts formatting 
operation 
when both 


DBUF1 and DBUF1 are filled with ID information 
from the 


host. The HOC writes data buffer 
data to the ID area of a 
specified sector, and writes fixed pattern to other area such as 
DATA area. When DBUFO becomes empty during formatting 
operation, DBUFI becomes the source in turn. When the DMAC 
issues DONE signal to the HOC, the HOC stops data transfer to 
data buffers and starts formatting. Therefore, the host can write 
only the necessary ID information to data buffer by setting data 
of how many ID areas to be transferred, to the DMAC. 


Data Buffer ...•Disk 
Main Memory ...•Data Buffer 


Figure 10 DMA Data Transfer in Write Data. Compare Data Command Execution 
(Sector Length = 256 bytes) 


~ctori 
~ctor 
i+11 
~~Sector 
j I Irtor j+1 I 


~ 
~ 


Disk ...•Data Buffer 


Data Buffer ...•Main Memory 
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Disk 
Format 
~ 
~ctori 


~ 


Data Buffer ...•Disk 


Main Memory ...•Da.ta Buffer 


OMA Data Transfer by Data Transfer Commands 
Accepting data transfer commands, the HOC can perform DMA 
data transfer between the main memory and data buffers with· 
out 
disk access. Either 
Burst mode or Cycle Steal mode is 


selected by the BRST bit of SPC command 
parameter. There 


are two commands available, BTM and MTB. 


Selection of either DBUFO or DBUF I, and access start address 
of each buffer (address 0 to 250 are specifiable), are specified 
by POFF 
(pointer 
Offset). 
POFF 
is set to the data buffer 


pointer by command execution. 


Data 
buffer 
pointer 
is incremented 
each 
time 
the 
DMAC 


accesses data butter (+2 for I6-bit bus mode, +1 for 8-bit bus 
mode). Data buffer data is not guaranteed if data buffer pointer 
exceeds address 255. Receiving DONE signal from the DMAC, 
the command execution 
immediately terminates normally, and 


the CED bit in STR is set to "I". 
Receiving above data transfer 


commands, 
the HOC requests transfer by issuing DREQ signal 


to the DMAC within ISO CLK cycles. 


Data Buffar Access by PIO 
The host MPU can access data buffers by move or loadlstore 
instruction 
(programmed 
1/0). 
In this case, the host issues 
OPBR or OPBW command prior to PIa access. Receiving these 
commands, the HDC sets BSY bit in STR to "I". Then the HDC 
sets data buffer pointer, 
sets BSY bit to "0", and terminates 


the command execution. 
It takes up to 100 CLK cycles from 


the command reception to BSY bit clear. Before issuing above 
commands, POFF must be specified by command parameters. 
POFF specifies either DBUFO or DBUFI 
to be accessed, and 


access start address (specifiable range is address 0 to 255). 


The host issues move instruction 
to the HDC after confirming 


that BSY = O. Data buffer pointer is incremented each time the 
HDC receives move instruction (+2 for I6·bit bus mode, +1 for 
8-bit bus mode). If the pointer exceeds address 255 during data 
transfer in PIa mode, the buffer data is not guaranteed. 
The 


host must issue RCAL command to close the buffer. 


~ 


(Byte) 
256 
512 
1024 
2048 
4096 
Item 
High Speed DMA 
(O·sector inter· 
a 
a 
a 
a 
a 


leave) 


Pia 
a 
a 


Low Speed DMA 
(free from over- 
a 


run) 


Automatic 
Correction 
a 


Others 
Recall command - After the host issues RCAL command, the 
HDC fmishes the operation 
within up to 40 CLK cycles and 


clears all bits in STR. 


Test command - After the host issues TST command, the HDC 
makes 
drive ou~ 
pins floated within 
60 CLK cycles. To 


cancel this state, RES signal is to be externally supplied. 


Specify command - 
After the host issues SPC command, the 


HDC makes the dIive interface pins fitted for either ST506 or 
SMD, and clears BSY bit within 250 cycles. 


Abort 
command 
- 
After the host issues ABT command, 
the 


HDC negates all ~rjve output pins within up to 180 CLK cycles, 
terminates all operation within 300 CLK cycles, and clears BSY 
bit. Receiving this command, 
the HDC clears all internal flip· 


flops, but the value of the control register which has been set 
by SPC command still remains. 


Reset - Reset is not a command, but after receiving RES signal, 
the HDC terminates initialization within up to 150 CLK cycles 
and clears BSY bit. 
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Item 
Symbol 
Value 
Unit 


Supply 
Voltage 
Vcc 
"1 
-0.3 
- 
+7.0 
V 


Input Voltage 
Vin 
·1 
-0.3 
- 
VCC + 0.3 
V 


Output 
Current 
per Pin 
110 I "2 
5 
mA 


Total 
Output 
Current 
11:10 I "3 
80 
mA 


Operating 
Temperature 
Topr 
0-+70 
·C 


Storage Temperature 
Tstg 
-55 
- 
+150 
·C 


·1 
This value is in reference to VSS= OV. 


-2 
The allowable output current is the maximum current that may be drawn from, or flow out to, one output terminal or one input/output 
common 
terminal. 


·3 
The total allowable output current is the total sum of currents that may be drawn from, or flow out to, output terminals or input/output 
common 
terminals. 


(Note) 
Using an LSI beyond its maximum 
ratings may result in its permanent 
destruction. 
LSI's should usually be used under recommended 
operating conditions. 
Exceeding any of these conditions 
may adversely affect its reliability. 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Supply 
Voltage 
Vcc * 
4.75 
5.0 
5.25 
V 


Input 
Low 
Level Voltage 
VIL * 
0 
- 
0.8 
V 


Input 
High Level Voltage 
VIH" 
2.2 
- 
Vcc 
V 


Operati ng Temperature 
Topr 
0 
25 
70 
·C 
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ELECTRICAL 
CHARACTERISTICS 
DC CHARACTERISTICS 
(VCC = 5.0V ± 5%, VSS = OV, Ta = 0 - 70°C, unless otherwise noted) 


6MHz 
8 MHz 
Version 
Version 
Unit 
Test 
Item 
Symbol 
HD63463-6 
HD63463-8 
Condition 


min 
max 
min 
max 


Input High Level 
All Inputs 
VIH 
2.2 
Vee 
2.2 
Vee 
V 


Voltage 


Input Low Level 
All Inputs 
VIL 
-0.3 
0.8 
-0.3 
0.8 
V 


Voltage 


Input Leak Current 
R/W. CS. 
IIN 
-2.5 
2.5 
-2.5 
2.5 
JlA 
Vin =O-Vee 
RS.RES 
DACK. 
CLK 
DONE 


ST506 
SMD 


IOX/ 
lOX 
TRKO 


SCP 
SEC 
USELD 
USELD 
WCLK 
WCLK 
RCLK 
RCLK 


Three State 
RWDATA 
RWDATA 
ITSI 
-10 
10 
-10 
10 
JlA 
Vin = 0.4-Vee 


(Off State) Input 
SYNC"l 
SKEND 


Current 
WGATE"2 BUSo/BUSs 
EARLY/ 
BUS,/BUS. 


RGATE·l 


LATEI 
BUS,/BUS7 


STEp·l 


WFLT 
BUS3/BUS. 
LCT/DIf(l 
BUS./BUS. 


READY 
BUSLlH"l 


Do - 
DIS 


Output 
High Level 
VOH 
vee-1.O 
- 
vee-tO 
- 
v 
IOH = -400 
JlA 


Voltage 


Output 
Low Level 
All Outputs 


VOL 
- 
0.5 
- 
0.5 
V 
IOL = 2.2 mA 


Voltage 


Output 
Leak Cu, ent 
IRQ 
ILOH 
- 
10 
- 
10 
JlA 
VOH = Vec 


(Off State) 


(to be continued) 


·1 
These 
signals are defined 
when 
HOC is in Test mode 
or when 
drive interface 
is not specified. 
Otherwise, 
these signals are not defined 
since these 
are switched 
to output 
signals. 


*2 
This signal is defined 
when HOC is in test mode. otherwise 
this signal is not defined. 
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6MHz 
8MHz 


Version 
Version 
Unit 
Test 
Item 
Symbol 
HD63463-6 
HD63463-8 
Condition 


min 
max 
min 
max 


RES 
Vin =0 
V 


DONE 
c"in 
17 
17 
pF 
Ta = 25°C 
- 
- 
RS 


Rm 
f = 1.0 MHz 


CS 


DACK 


Do - 
015 
Signal Capacity 
CLK 
IRQ 


STS06 
SMD 


RWDATA 
RWDATA 
WCLK 
WCLK 
RCLK 
RCLK 
- 
SKEND 
- 
BUSo/BUSs 
- 
BUSt/BUS. 
- 
BUS,/BUS7 
WFLT 
BUS3/BUS. 
- 
BUS./BUS. 


IDXI 
lOX 
TRKO 


SCP 
SEC 


USELD 
USELD 


READY 
- 


• Data bus in readl 


Current 
Consumption 
lee 
mA 
write 
operation 
- 
lis 
- 
80 
• Commar,.J execu- 


tion 
in progress 
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AC CHARACTERISTICS 
(VCC = 5V ± 5%, VSS = OV, Ta = 0 _70 
DC, 
unless otherwise noted.) 


Clock Timing 


6MHz Version 
8MHz Version 


Item 
HD63463-6 
HD63463-8 
Unit 
Test 
No. 
Symbol 
Condition 


min 
max 
min 
max 


1 
Clock Cycle time 
tCYC 
167 
500 
125 
500 
ns 


2 
Clock Low Level 
tPWCL 
75 
250 
55 
250 
ns 


Pulse Width 


3 
Clock High Level 
tPWCH 
75 
250 
55 
250 
ns 


Pulse Width 


4 
Clock Rise Time 
tCR 
- 
10 
- 
10 
ns 


5 
Clock Fall Time 
tCF 
- 
10 
- 
10 
ns 


6 
Write Clock 
tWCYC 
62.5 
250 
50 
250 
ns 


Cycle time 


7 
Write Clock 
Low 
tPWCL 
25 
115 
20 
115 
ns 


Level Pulse Width 
See Figure 15 


8 
Write Clock 
High 
tWCH 
25 
115 
20 
115 
ns 


Level Pulse Width 


9 
Write Clock 
tWCR 
- 
10 
- 
10 
ns 


Rise Time 


10 
Write Clock 
tWCF 
- 
10 
- 
10 
ns 


Fall Time 


11 
Read Clock 
tRCYC 
62.5 
250 
50 
250 
ns 


Cycle Time 


12 
Read Clock 
Low 
tRCL 
25 
115 
20 
115 
ns 


Level Pulse Width 


13 
Read Clock 
High 
tRCH 
25 
115 
20 
115 
ns 


Level Pulse Width 


14 
Read Clock 
tRCR 
- 
10 
- 
10 
ns 


Rise Time 


15 
Read Clock 
tRCF 
- 
10 
- 
10 
ns 


Fall Time 
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6MHz Version 
8MHz Version 


No. 
Item 
Symbol 
HD63463-6 
HD63463-6 
Unit 
Test 
Condition 


min 
max 
min 
max 


21 
RES Input 
tRES 
10 
- 
10 
- 
tcyc 


Pulse Width 


22 
DACK Setup 
Time 
tDACKSR 
100 
- 
100 
- 
ns 
-- 
See Figure 16 


for RES 


23 
DACK Hold Time 
tDACKHR 
0 
ao 
0 
50 
ns 
-- 
For RES 


24 
IRQ Delay nme 
1 
tlRDl 
- 
200 
- 
150 
ns 
See Figure 17 


2' 
RES Rise Time 
tRESR 
- 
10 
- 
10 
j.IS 
See Figure 16 
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6MHz Version 
8MHz Version 


HD63463-6 
HD63463-8 
Unit 
Test 
No. 
Item 
Symbol 
Condition 


min 
max 
min 
max 


31 
R/W Setup Time 
tRWS 
60 
- 
50 
- 
ns 


- 
for CS Assert 


32 
R/W Hold Time 
tRWH 
0 
- 
0 
- 
ns 


33 
RS Setup Time 
tRSS 
60 
- 
50 
- 
ns 
- 
for CS Assert 


34 
RS Hold Time 
tRSH 
0 
- 
0 
- 
ns 


35 
CS Setup Time 
tCSS 
40 
- 
40 
- 
ns 


36 
CS Negate Hold Time 
tCSNH 
40 
- 
40 
- 
ns 


37 
CS Negate Width 
tCSNW 
80 
- 
80 
- 
ns 


38 
Write Data 
tWOS 
60 
- 
40 
- 
ns 


Setup Time 
See Figures 


39 
Write Data 
tWDH 
10 
- 
10 
- 
ns 
18 and 19 


Hold Time 


40 
DTACK Delay Time 
tDTKZL 
- 
85 
- 
80 
ns 


41 
DTACK Hold Time 
tDTKLH 
- 
60 
- 
60 
ns 


43 
Data Bus 3 State 
tDBR 
0 
- 
0 
- 
ns 


Recovery 
Time 


44 
Read Data 
tRDAC 
- 
80 
- 
70 
ns 


Access Time 


45 
Read Data 
tRDH 
10 
- 
10 
- 
ns 


Hold Time 


46 
CS Fall Time 
tCSF 
- 
1 
- 
1 
tcyc 


47 
CS Rise Time 
tCSR 
- 
1 
- 
1 
tcyc 
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6MHz Version 
8MHz Version 


Item 
Symbol 
HD63463-6 
HD63463-8 
Unit 
Test 
No. 


Condition 


min 
max 
min 
max 


50 
DREQ Assert 
tDRADl 
- 
ao 
- 
80 
ns 


Delay Time 1 


51 
DREQ Negate 
tDRND1 
- 
80 
- 
80 
ns 


Delay Time 1 


(Cycle Steal Mode) 


52 
DREQ Assert 
tDRAD2 
- 
80 
- 
80 
ns 


Delay Time 2 


(Cycle Steal Mode) 


53 
DREQ Negate 
tDRND2 
- 
80 
- 
80 
ns 


Delay Time 2 


54 
DREQ Negate 
tDRND3 
- 
80 
- 
80 
ns 


Delay Time 3 
-- 
(DONE Assert) 
See Figures 


55 
DMA R/W Setup 
tDRWS 
6Q 
- 
50 
- 
ns 
20 and 21 


Time 


56 
DMA R/W 
tDRWH 
0 
- 
0 
- 
ns 


Hold Time 


57 
DACK Setup Time 
tDACKS 
40 
- 
40 
- 
ns 


58 
DACK 
Negate 
Hold 
tDACKHN 
40 
- 
40 
- 
ns 


Time 


59 
DACK Negate Width 
tDAKNW 
80 
- 
80 
- 
ns 


60 
DMA Write Data 
tDWDS 
60 
- 
40 
- 
ns 


Setup Time 


61 
DMA Write Data 
tDWDH 
10 
- 
10 
- 
ns 


Hold Time 


62 
DMA DTACK Delay 
tDDTZL 
- 
85 
- 
80 
ns 


Time 


63 
DMA DTACK Hold 
tDDTLH 
- 
60 
- 
60 
ns 


Time 
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6MHz Version 
8MHz Version 


HD63463-6 
HD63463-8 
Test 
No. 
Item 
Symbol 
Unit 
Condition 


min 
max 
min 
max 


65 
DONE Input 
tPWDN 
1.5 
- 
1.5 
tcyc 


Pulse Width 


66 
DMA Data Bus 
tDDBR 
0 
- 
0 
- 
ns 


3 State 


Recovery Time 
See Figures 


67 
DMA Read Data 
tDRDAC 
- 
80 
- 
70 
ns 
20 and 21 


Access Time 


68 
DMA Read Data 
tDRDH 
10 
- 
10 
- 
ns 


Hold Time 


69 
DACK Fall Time 
tDACKF 
- 
1 
- 
1 
tcyc 


70 
DACK Rise Time 
tDACKR 
- 
1 
- 
1 
tcyc 
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6MHz Version 
8MHz Version 


No. 
Item 
Symbol 
HD63463-6 
HD63463-8 
Unit 
Test 
Condition 


min 
mal( 
min 
max 


11O! USELD 
Setup 
tUSLOS 
- 
5 
- 
5 
tcyc 


! Time (for USEL) 


See Figure 22 I 


Ill! 
WGATE Deley Time 
tWGTlDX 
- 
150 
- 
100 
ns 


! for 
Index 
See Figure 23 


112! WFL T Pulse Width 
tWFLT 
2 
- 
2 
- 
tcyc 


113: Index Pulse Width 
tlDXW 
Itcyc 
- 
Itcyc 
- 
- 
(Note 1) 


24twcyc - 
24twcyc 
- 
See Figure 23 


114! WGATE Delay Time 
tWGTD 
- 
130 
- 
125 
ns 


"'! 
Write Data 
tWDD 
- 
130 
- 
125 
ns 


; Delay Time 


l1a: LATE/EARLY 
tELD 
- 
130 
- 
125 
ns 
See Figure 24 


! Delay Time 


120! LATE/EARLY 
tWOS 
0 
- 
0 
- 
ns 


j Setup 
Time 


! (for Write Data) 


121! RGATE Delay Time 
tRGTD 
- 
130 
- 
125 
ns 


123: SYNC Delay Time 
tSYND 
- 
130 
- 
125 
ns 


125! Read Data 
tRDS 
20 
- 
15 
- 
ns 
See Figure 25 


! Setup Time 


12a! Read Data 
tRDH 
20 
- 
15 
- 
ns 


! Hold Time 


127: USELD-DIR 
Time 
tU5-D1R 
70 
- 
70 
- 
tcyc 


12a! STEP-USEL 
Time 
tSTPUS 
ao 
- 
ao 
- 
tcyc 


121! DIR-STEP Time 
tDIRSTP 
270 
- 
270 
- 
tcyc 


no! 
STP-DIR Time 
tSTPDIR 
ao 
- 
ao 
- 
tcyc 
See Figure 26 


131j SEEK-USEL 
Time 
tSEKUS 
1 
- 
1 
- 
tcyc 


132i SCP Wait Time 
tSCP 
- 
1.0Xl0' 
- 
1.0XlI' 
tcyc 
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6MHz Version 
8MHz Version 


No. 
Item 
Symbol 
HD63463-6 
HD63463-S 
Unit 
Test 
Condition 


min 
max 
min 
max 


150~Index Pulse Width 
tlDXW 
Itcyc 
5Dtcyc 
Itcyc 
50tcyc 
(Note 2) 
- 


: 
12twcyc 
I2twcyc 
See Figure 32 


151: USELD 
Setup 
tUSLDS 
- 
1 
- 
1 
tcyc 


! Time 


See Figure 31 


152: Sector 
Pulse Width 
tPWSET 
8tcyc 
50tcyc 
8tcyc 
50tcyc 
(Note 2) 
- 
12twcyc 
12twcyc 
See Figure 32 


153~WGATE Delay Time 
tWGTSEC 
- 
150 
- 
125 
ns 


: for SEe/lOX 


See Figure 32 


156~REGATE 
Delay Time 
tRGTD 
- 
130 
- 
125 
ns 


158: Read Data 
tRDS 
20 
- 
15 
- 
ns 


: Setup 
Time 
See Figure 33 


159~Read Data 
tRDH 
20 
- 
15 
- 
ns 


: 
~Hold Time 


165' WGATE Delay Time 
tWGTD 
- 
130 
- 
125 
ns 


169: Write 
Data 
tWDD 
- 
130 
- 
125 
ns 
See Figure 34 


~Delay Time 
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Signal 
Load Condition 


Do - 
015 
OTACK 


OREO 


RWOATA 
RL = 1.8 H2 


ST506 
SMO 
C = 40 pF 


SYNC 
- 
WGATE 
BUSo/BUSs 
R = 10 kn 


EARLYI 


RGATE 
BUS,/BUS. 


LATEI 
STEP 
BUS,/BUS7 
All diodes are 
- 
BUS3/BUS. 
1S2074 @ 's or 


LCT/OIR 
BUS./BUS. 
the equivalent. 


USELO 
TAG1 
USEl1 
TAG2 
HSELO 
TAG3 
HSEl1 
UTAG 
HSEL2 
TAG5 
SEEK 
BUSRM 
- 
BUSl/H 


{ 
RL-1.8 kn 


C=40 pF 
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@ 
@ 
\ 
2.2 V 
0.8 V 
0.8 V 


@ 
@ 
, 
1/ 
0.8 V 
0.8 V 


Vcc·2.0 V 
0.8 V 


~ 


Note 
1) 
t;::r~ 
@ 
<4!lI 
~ 
Vcc-2.0V 
m________ 
0.8 V 
•.••••--------- 


10.8 V 


(Note 1) 
When using l&.bit data bUI, liTACK 
is asserted from state 4, shown by a dotted line. 


(Note 2) 
When n it 5 in 8-bit data bul or n '" 7 in 16-bit data bus, it is not necessary to 
so,illy @ and @ 


Figure 18 
MPU Read Cycle 
HOC-+ 
MPU 
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n = min 
5 


................. 
n -1 
n 


Figure 19 
MPU Write Cycle 
MPU ...•.HDC 


(8 or 16·bit data bus) 
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n = min 
7 (16-bit data bus) 
n = min 
5 ( a-bit data bus) 


This is the timing to negate DReo signal when the 256th 
byte data is transferred 
to the HOC data buffer. 


DONE 
must 
be asserted to low while DTACK 
remains 
low. 


As shown by dotted 
lines, OACK 
is output 
synchronously 
with the falling edge of state 4 clock. 


When n'" 
5 in 8-bit data bu. or n ••• 7 in 16-bit data bu., 
it is not necessary to satisfy @ and @ . 


Figure 20 
DMA 
Read Cycle 
HOC -+ Memory 
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USEL 1 (oud 
USELO (out) 
~CC-2.0V 


wf_A-2.2V- 
U.SELD 
(in) 


@A 


(Notel) 
____2_.2_V_ ~2_.2_V 
_ 
WFLT(in) 
. 
_ 


{Note 
1} @ is minimum 
pulse width which HOC can recognize. 


(Note 
2) ® is WGATE 
assert timing for lOX during Write 
Format 
command 
execution. 
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RGATE (out) 
@PCC-2.0 
~ 
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SYNC (out) 
1~ 
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Hitachi America 
Ltd .• 
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• 
(408) 435-8300 


··· 
typ 
8 bit. 
": 
···· 
. 
i ~ 
1 
· . 
. 
4bits~ 
: 
.. 
~ 


WGATE--.J 
,"M"'" 


1 or2 
(NOTE) 
0, 
Bytes 
, 
~ 
..... 
-----< 


(READ) 
. 
, 
smmand issue 


~I 


--j'~1__ 
....,1 


typ 
4bit~; ., 


10 
I 
I 
D~" 


ECC 
DATA 
PLOSYNC 
or 
PAD 
CRC 
PAD 


~ 
:'--typ 
8 bits 
-----, 


, 
I 


-..: 
~ 
tvp 
4 bi1;t 
______ 
, I 
'\.: 


." i 
II 
I 


1 or 2 bytes:'-"--": 
~ 
~O 
bit 
, 
(~----------"I"I-------------"";'--.!L- 
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IDX-J \-------------/i 
\_- 


I 
, 
I 


: 
I 
~ 
3to4 
r--- 


~ 
~ElectriC81 
characteristic @ 
I 
bytes 
I 
I 
I 
I 
WGATE~I---------------------'L 


I 
, 
, 
I 
--' - 
I 
I 


~~~t~ 
: X 


I 
I 
. 
, 
re--m1n 
.----... 
I 
70 
: 


LCT/DIR 
~ 
X~------------------.:~ 


I 
I, 


~min~ 
I 
270 
I 


, 
~min 
----., 
11_ 


80 


_ 
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VCC-2.0VC 
iiiiiiJ 2.2 V 


WGATE 


BUSo/BUS, 
(outl 


(Note 1) @ is WGATE assert timing 
for IDXISECduring 


Write 
Format 
command 
execution. 
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RGATE 
BUS.!BUS. 
(out) 


BUSo/BUSs 
- 
BUS./BUS9 
(out) 


13 tcyc 
20 tcyc 


J 
6 tcyc 
32 tcyc 
,Vcc 
2.0V 
Drive Select 
Vcc-2.0V 
J. 
O.BV 
0.8 V 


@ 


~~ 
~ 
.'Jr. 2.2 V 


Pin 
Output 
Signal Name 
Abbreviation 


BUS./BUS9 
- 
- 
I 
BUS3/BUS. 
- 
- 
BUS2/BUS, 
Unit Select 2 
USLL2 
BUS,/BUS6 
Unit Select 1 
USEL1 
BUSo/BUSs 
Unit Select 0 
USELO 


TAG 1,2,3,5 \ 
..••/ 


(out) 


BUSo/BUS,- 


BUS. /BUS. 
(in) 


Pin 
Input Signal Name 
Abbreviation 


BUS./BUS. 
Write Protect 
WPRT 


BUS3/BUSs 
Fault 
FlT 
BUS2/BUS7 
Seek Error 
SKERR 


BUSt/BUSo 
On Cylinder 
aCYL 


BUSo/BUS, 
Unit 
Ready 
URDY 


BUSo/BUS,- 
BUS./BUS9 
(out) 


"' 
J 
J 
19 tcyc 
20 tcyc 
I 
B tcyc 
19 tcyc 
6 tcyc 
, 
-l 
, 
f\ 


6 tcyc 
_ 
typ 20 tcyc 
typ 6 tcyc 
min 6 tcyc, 
-I 
) 
)( 


I 


Pin 
OutPUt SilMI Name 
Abbreviation 
Level 


BUS4/BU~ 
(Reserve) 
0 
low 


BUS3/BUS. 
Strobe Late 
STBL 
low 


BUS,/BUS7 
Strobe Early 
STBE 
low 


BUS,/BUS6 
Return to Zero 
RTZ 
low 


BUSo/BUSs 
Reserve 
0 
low 


Pin 
Output 
Signal Name 
Abbreviation 
Level 


BUS4/BU~ 
Fault Clear 
FCLR 
high 


BUS3/BUS. 
Servo Offset 
Minus 
SOFM 
low 


BUS,/BUS7 
Servo Offset 
Plus 
SOFP 
low 


BUSt/BUS6 
Read Gate 
RGATE 
low 


BUSo/BUSs 
Write Gate 
WGATE 
low 


BUSo/BUS,- 
BUS. /BUS. 
(out) 


Pin 
Output 
Siln.l 
N.me 
Abbflt\liation 
Level 


BUS./BUS. 
Reserve 
0 
low 


BUS,/BUSs 
Strobe Late 
STBL 
low 


BUS2/BUS7 
Strobe Early 
STBE 
low 


BUS,/BUS6 
Return to Zero 
RTZ 
high 


BUSo/BUS, 
Reserve 
0 
low 


Pin 
Output 
Signal Name 
Abbreviation 
Level 


BUS./BUS. 
Fault Clear 
FCLR 
low 


BUS,/BUSs 
Servo Offset 
Minus 
SOFM 
low 


BUS2/BUS7 
Servo Offset 
Plus 
SOFP 
low 


BUS, /BUS6 
Read Gate 
RGATE 
low 


BUSo/BUS, 
Write Gate 
WGATE 
low 


I\) 
I\)ooc}@ 
Q. 
• 


CD 
~ :I 
:::J 
- 
~ ~ 
me') 
~ :I 
C-o.~ 
()> 
'" 
(Jl 
~ 


BUSoBUS,- 
BUS. BUS. (out) 


Pin 
Output 
5ilnal 
Name 
Abbfevi.tion 


BUS./BUS. 
Cylinder 
Address 9 
CAD9 
I 


BUS3/BUSs 
Cylinder 
Address S 
CADS 
BUS,/BUS, 
Cylinder 
Address 7 
CAD 7 
BUS,IBUS. 
Cylinder 
Address 6 
CAD 6 
BUSo/BUS, 
Cylinder 
Address 5 
CAD 5 


Pin 
Output 
5i,nal 
Name 
Abbreviation 


BUS./BUS. 
Cylinder 
Address 4 
CAD4 


BUS3/BUSs 
Cylinder 
Address 3 
CAD 3 
BUS,/BUS, 
Cylinder 
Address 2 
CAD 2 


BUSt/BUS. 
Cylinder 
Address 1 
CAD 1 


BUSo/BUS, ! 
Cylinder 
Address 0 
CAD 0 


(Note) 
After outputting 
the cylinder address, the minimum 
wait time until 
On Cylinder 
and Seek Error are returned from the drive is 
equivalent 
to that of Recalibrate 
operation. 


BUSo!BUSs- 
BUS.!BUS9 
(out) 


19 tcyc 
20 tcyc 
B tcyc 
19 tcyc 
6 tcyc 


8 tevc 


6 tcyc 
typ 20 tcyc 
typ 6 tcyc 
min 6 tcyc 


Head Address High (all 0) 
Head Address Low 


BUSLIH 
= low- 
BUSL!H 
= high 


Pin 
Output 
Silnal 
Name 
Abbreviation 


BUS.!BUS9 
Head Address 9 
HAD9 


BUS3!BUSs 
Head Address 8 
HAD8 


BUS,!BUS7 
Head Address 7 
HAD 7 


BUS,!BUS6 
Head Address 6 
HAD6 


BUSo!BUSs 
Head Address 5 
HAD5 


Pin 
Output Si'Nlt Name 
Abbreviation 


BUS.!BUS9 
Head Address 4 
HAD4 


BUS3!BUSs 
Head Address 3 
HAD3 


BUSdBUS7 
Head Address 2 
HAD2 


BUS,!BUS6 
Head Address 1 
HAD 
1 


BUSo!BUSs 
Head Address 0 
HADO 


BUSo/BUSs- 


BUS. IB US9 (out) 


BUS R/W (out) 
(Note) 


SOFP, 
SOFM 
BUS2/BUS7- 


BUS,/BUSs 
(out) 


.._-----_._._-------_._---_.~ 
! Read/Write 
Operation 
(2) (See Figure 42) 
i 
I 
' 
. 
I 


i 


1 
I 
L 
. ----------- 
---.J 


\'-------- 


r- 
-, 


Read/Write 
Operation 
(3) (See Figure 43) 
i 
----------..\ 
i 
RGATE, WGATE, 
I' I 
...--i~--------- 
BUS.!BUS6 
- 
-------------------.,.....- 
(Note) 
If either SOFP or SOFM is asserted 


BUSo/BUSs 
(out) 
I 
i 
to high, the HOC remains in the 


L. 
--:-- 
J 
wait state until the SKEND 
is 
asserted to high. 


RWDATA 


(in/out) 


( i) 
READ DATA 


RGATE 


(BUSdBUS6) 
(out) 


RGATE 


(BUSdBUS6) 
(outl 


WGATE 
(BUSo/BUS,j 
(out) 


----0 


@~ 
~3 
- 4 bytes 
WGATE 
------------------------------- 
Vcc-2.0 
V 
(BUSo/BUSs) 
(_ou_t_I___ 
0.8 V 


(Note 1) 
AGATE 
must be asserted at the beginning 
of PLO SYNC area or earlier. 


(Note 2) 
2 bytes when SYNC PAT is included 
in arror detection 
span (AMEX 
= 0),1 
byte 
when it is not included 
(AMEX· 
1). However, 
AGATE 
and WGATE 
rise at the 
beginning 
of PLO SYNC area. 


BUSo/BUSs- 
BUS./BUS. 
(in) 


Pin 
Input Signal Name 
Abbreviation 


BUS./BUS. 
- 
- 


BUS3/BUSa 
- 
- 
BUS,/BUS7 
· 
· 
BUSdBUS. 
· 
· 
BUSo/BUSs 
· 
· 


Pin 
Input Signal Name 
Abbreviation 


BUS./BUS. 
Write Protected 
WPRT 


BUS3/BUSa 
Fault 
FlT 


BUS,/BUS7 
Seek Error 
SKERR 


BUS,/BUS. 
On Cylinder 
OCYl 


BUSo/BUSs 
Unit 
Ready 
URDY 


BUSo/BUSs- 


BUS./BUS9 
(in) 


Pin 
Input 
Signal Nam.e (Note 1) 
Abbreviltion 


BUS./BUS9 
- 
- 


BUS3/BUS. 
- 
- 


BUSz/BUS7 
. 
rNote 
2 . 


BUSt/BUS. 
. 
. 


BUSo/BUSs 
SELECT 
ERROR 
SELER 


Pin 
Input 
Signal Name (Note 
1) 
Abbreviltion 


BUS./BU~ 
Write Error 3 
WERR3 


BUS3/BUS. 
Write Error 2 
WERR2 


BUS,/BUS7 
Write Error 
1 
WERRl 


BUSt/BUS. 
Status Error 2 
SERR2 


BUSo/BUSs 
Status Error 
1 
SERRl 


(Note 
1) 
Names of lignals which are read from a drive when the H DC is connected 
to the DK812S 
(Hitachi). 


(Note 2) 
User Area 


I\l 
I\looc}@ 
Q. 
• 
<l> 
~:I 


~ ~ 
000 
~ :I 
t-o 
VI 
5" 
() 
l> 


<tJ 
'"~ 


TAG2 (out) 
8 tcyc 
8 tcyc. 


TAG5 (out) 


33 tcyc 
26 tcyc 
6 tcyc 
" tcyc 


8US L/R' (out) 


6 tcyc 
6 tcyc 
20 tcyc 
6 tcyc 
6 tcyc 


8US Rm(out) 
3 tcyc 
4 tcyc 
4 tcyc 


8USo/BUS,- 
BUS./BUS. 
(in) 


BUSL/R' = low 
BUSl/R' = high 


Pin 
Input Signal Name (Note 1) 
Abbrevi.tion 


BUS./BUS. 
- 
- 
BUS,/BUS. 
- 
- 
BUS,IBUS, 
. 
)(Note 
21 . 


BUS,/BUS6 
. 
. 
BUSo/BUS, 
Sector Address 32 
SAD32 


Pin 
Input Signal Name (Note 11 
Abbreviation 


BUS./BUS. 
Sector Address 16 
SAD16 
BUS,/BUS. 
Sector Address 8 
SADB 
BUS2/BUS, 
Sector Address 4 
SAD4 
BUS1/BUS6 
Sector Address 2 
SAD2 
BUSo/BUS, 
Sector Address 1 
SAD1 


(Note 1) 
Names of signals which are read from 8 drive when the HOC is connected 
to the DK812S (Hitachi!. 


(Note 2) 
User area 


BUSo/BUS, 
- 
BUS,/BU~ 
(in) 


Pin 
Input 
Signa' Nama (Note 
1) 
Abbrevi.tion 


BUS,/BUS. 
- 
- 


BUS,/BUSa 
- 
- 


BUS2/BUS7 
. 
}(Note 
21 . 


BUSt/BUS6 
. 
. 


BUSo/BUS, 
Device Type 32 
DTP32 


Pin 
Input 
Signal 
Name (Nota 
1) 
Abbtevittion 


BUS,/BUS. 
Device Type 
16 
DTP16 


BUS3/BUSa 
Device Type B 
DTP8 


BUS2/BUS7 
Device Type 4 
DTP4 


BUSt!BUS6 
Device Type 2 
DTP2 


BUSo/BUS, 
Device Type 
1 
DTP1 


(Note 
1) 
Names of signals which are read from a drive when the HOC is connected 
to the DKB12S 
(Hitachi). 


(Note 
21 
User Area 
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The Advanced CRT Controller 
(ACRTC) 
is a CMOS VLSI 


microcomputer 
peripheral 
device capable of controlling 
raster- 
scan CRTs to display both graphics and characters. The ACRTC 
is a new generation CRT controller that is based on a bit-mapped 
technology. It executes high-level drawing commands, like Line, 
Ellipse, Paint, Pallern, 
and Copy, issued by the MPU 
in X-V 


coordinates, and performs address translation to draw into frame 
memory. It can draw in up to 64K colors, on 3 split screens and 
an independent window, and perform area clipping and hilling. 
It 


has more display control functions than an HD6845S (CRTC). 
The ACRTC controls a CRTC in one of three modes; charac- 


ter only, graphic only and multiplexed 
character/graphic modes. 


Therefore, 
the ACR TC has many applications, from 
character 


only display devices to large full-graphic systems. 
The ACRTC can reduce CPU software overhead and enhance 
system throughput. 


• 
FEATURES 


• 
High-speed graphics 
· Drawing rate: 
Maximum 500 ns/pixel (Color drawing) 


• Commands: 
Dot. Line, Rectangle, Poly-line, Polygon, Cir- 
cle, Ellipse, Paint. Copy, etc. 
• Colors: 
16 bits/word 
1, 2, 4, 
8, 
16 bits/pixel 
(5 types) 
mono- 


chrome to max. 64k colors. 
• Pattern RAM (32 bytes) 
· Conversion of logical X-V coordinates into physical address. 
· Color operation and conditional drawing 
• Drawing area control for hardware clipping and hitting 


• 
Large frame-memory space 
• Maximum 2M bytes graphic memory and 128k bytes char- 
acter memory separated from the MPU memory 


· Maximum, resolution 4096 x 4096 
(1 bit/pixel mode) 
• 
CRT display controls 
· Split screens (3 displays and 1 window) 
• Zooming up (1 to 16 times) 
· Scroll (Vertical and horizontall 


• 
Interleaved Access mode for f1ashless display and superim- 
position 
• 
External synchronization 
between 
ACRTCs or between 
the 


ACRTC and external device (ex. TV system or other con- 
troller) 
• 
DMA interface 
• 
Two programmable cursors 


• 
Three scan modes 
· Non-interlaced 
· Interlace sync. 
· Interlace sync. and video 


• 
256 characters/line, 32 rasters/line, 4096 rasters/screen 


Product type 
Clock 
Package 
Frequency (2CLK) 


HD63484-8 
8MHz 
DC-64 


HD63484-98 
9.8 MHz 
64 Pin Ceramic DIP 


HD63484P-8 
8 MHz 
DP-64 


HD63484P-98 
9.8 MHz 
64 Pin Ceramic DIP 


HD63484CP-8 
8MHz 
CP-68 


HD63484CP-98 
9.8 MHz 
64 Pin Ceramic PLCC 


HD63484Y-8 
8MHz 
PGA-68 
HD63484Y·98 
9.8 MHz 
64 Pin Ceramic PGA 


HD63484-8, 
HD63484·98 


HD63484p·8, 
HD63484P-98 


HD63484CP-8, 
HD63484Cp·98 


HD63484Y·8, 
HD63484Y-98 


~HITACHI 
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• 
PIN ARRANGEMENT 
(Top View) 


• HD63484. HD63484P 
=1 
DTACK 
ilm 
, 
H5'VNC 
~ 
vCC 


EXSVNC 
1 
vss 
vss 
0, 
0, 


02 
21 
0, 
0, 
0, 
D. 
0, 


CUirr 
I 0 
CliOi 


RJW 
, 
a 


RS 
....- . 


DONl 
' 


0iiEQ 
'6ifi 
9 
DiiCi" 


iRcill 


....." 
~, 


I 
Vu 


2ClK 


V" 
••.•0. 


••.•0. 


MAO, 


MAO,- 


MAD. 


MAO,o 


MAD" 


I 
MAD" 


MAD,. 


MAO" 


MAD,. 


MA,JRAo 


MA,,1RA, 


MA,/RA. 


MA,IRA. 


0" ••••• 
,.... ••••• 


Item 
Symbol 
Rating 
Unit 


Supply Voltage 
Vcc 
-0.3 to + 7.0 
V 


Input Voltage 
Vin' 
-0.3 to Vcc + 0.3 
V 


Allowable Output Current 
1101" 
5 
mA 


Total Allowable Output Current 
11;101'" 
120 
mA 


Operating 
Temperature 
Toor 
Oto +70 
'C 


Storage 
Temperature 
Tsta 
-55 to + 150 
'C 


•. This 
value 
is in reference 
to V 55 = OV 
•.•. The allowable output current is the maximum 
current that may be drawn 


from, or flow out to, one output terminal or one inpuVoutput 
common 
terminal. 
•.•.•. The total allowable output current is the total sum of currents that may be 
drawn from, or flow out to, output terminals 
or input/output 
common 
terminals. 
(Note) Using an LSI beyond its maximum 
ratings may result in its permanent 


destruction. 
LSI's should usually be used under recommended 
operating 


conditions. 
Exceeding 
any of these conditions may adversely affect its 


reliability. 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Voltage 
Vcc 
4.75 
5.0 
5.25 
V 


Input "Low" 
Level Voltage 
V1l- 
0 
- 
0.7 
V 


Input "High" LevelVoltage 
V,H.. 
2.2 
- 
Vcc 
V 


Operating 
Temperature 
Topr 
0 
25 
70 
'C 


• 
TIMING 
MEASUREMENT 


The 
timing 
measurement 
point 
for the output 
"low" 
level is 


defined 
at O.8V throughout 
this specification. 


CHR 


MRD= 
AS 
MCYC 
vss 
vss 
2ClK 
vcc 
MADs 


MAD, 


MAD, 


MAD, 


MAD, 


MAD10 


MAD'1 


MAD1l 


• HD63484Y-8 
• HD63484Y-98 
D 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


No. 
Description 
No. 
Description 
No. 
Description 
No. 
Description 


1 
MAD14 
18 
AS 
35 
MA,e'"A2 
52 
DREa 


2 
MA011 
19 = 
36 
MA,affiAo 
53 
HSYNC 


3 
MA09 
20 
IRO 
37 
MAD13 
54 
EXSYNC 


4 
MAD. 
21 
VSYNC 
38 
MADlO 
55 
00 


5 
MA06 
22 
"CC 
39 
MAD-, 
56 
04 


8 
"CC 
23 
"55 
40 
MADS 
57 
03 


7 
"55 
24 
"55 
41 
2ClK 
58 
06 


• 
"55 
25 
0, 
42 
MCYC 
59 
D. 


9 
f>S 
26 
O2 
43 
DRAW 
60 
0" 


10 
MRO 
27 
05 
44 
MAD4 
61 
0,4 


" 


MAD3 
2. 
O. 
45 
MA02 
62 
RA4 


12 
MAO, 
29 
010 
46 
MADa 
63 
MA171RA, 


13 
DISP2 
30 
0,2 
47 
OlSP1 
64 
MAD1S 


14 
lPSTB 
31 
0,3 
48 
CUOl 
65 
MA012 


15 
"CC 
32 
0,5 
49 
CS 
86 
CHR 


16 
CU02 
33 
V55 
50 
RES 
67 
IJACK 


17 
RJW 
34 
MA,g1RA3 
51 
DONE 
86 
07 


The 
output 
"low" 
level 
at 
stable 
condition 
(DC 
charac- 
teristics) 
is defined 
at O.SY. 


The 
output 
"high" 
level is defined 
at VCC-2.OV. 
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_______________ 
L_v~~~t 
the timing 
measurement 
{O.8VI 


____________ 
rVOL 
at the DC level (O.5V) 


• 
Electrical 
Characteristics 


• DC Characteristics 
(Vce = 5.0V ± 5%, Vss = OV,T. = 0 to 70°C unless otherwise 
noted) 


Measuring 
8 MHz 
9.8 MHz 


Item 
Symbol 
Condition 
Version 
Version 
Unit 


Min 
Max 
Min 
Max 


Input 
"high" 
level voltage 
All Inputs 
VIH 
2.2 
Vcc 
2.4 
Vcc 
V 


Input 
"low" 
level voltage 
All Inputs 
V1L 
-0.3 
0.7 
-0.3 
0.7 
V 


Input 
leak current 
RIW, CS, RS, 
lin 
Vin=OtoVcc 


RES, 
DACK, 
-2.5 
2.5 
-2.5 
2.5 
p.A 


2CLK,LPSTB 


Three 
state (011state) 
Do-D15, 
ITSI 
Vin + 0.4 to Vcc 
-10 
10 
-10 
10 
p.A 


input 
current 
EXSYNC, 
MADo-MAD15 


Output 
"high" 
level 
Do-D15, 
VOH 
IOH + -400 
p.A 
Vcc 
- 
Vcc 
- 
V 
voltage 
MADo-MAD15, 
-1.0 
-1.0 
CUD1, 
CUD2, 


DREQ, 
DTACK, 


HSYNC, 
VSYNC, 


EXSYNC, 


Output 
"low" 
level 
DISP1, 
DISP2, 
VOL 
IOL = 2.2 mA 
- 
0.5 
- 
0.5 
V 
voltage 
CHR, 
MRD, 


DRAW, AS, 
MCYC, 
MA16/RAo- 
MA19/RA3, 
RA4, 


IRQ, DONE 
VOL 
IOL = 2.5 mA 
- 
0.5 
- 
0.5 
V 


Output 
leak current 
IRQ, DONE 
'LOD 
VOH = Vcc 
- 
10 
- 
10 
p.A 


(off state) 


Input capacity 
Do-D15, 
Gin 
Vin = 0 V 
- 
17 
- 
17 
pF 


EXSYNC, 
TA 
= 25°C 
MADo-MAD15 
1= 
1.0 mHz 


RIW, CS 
Vin = OV 
- 
17 
- 
17 
pF 


RS, RES, 
TA 
= 25°C 
DACK,2CLK, 
1= 
1.0 mHz 


LPSTB 


Output 
capacity 
IRQ, DONE 
Cout 
Vin = OV 
- 
15 
- 
15 
pF 
TA 
= 25°C 
1= 
1.0 mHz 


Current 
consumption 
Icc 
-Chip 
not selected 
- 
100 
- 
120 
mA 


- Display 
in progress 


-Data 
bus in read/ 
- 
100 
- 
120 
mA 


write operation 
-Display 
in progress 


-Command 
execu- 
tion in progress 
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• AC Characteristics 
(Vcc = 5.0 ± 5%, Vss = OV,T. = 0 to 70·C unless otherwise 
noted) 


Clock Timing 


Reference 
8MHz 
9.8 MHz 


No. 
Item 
Symbol 
Figure 
Version 
Version 
Unit 


Number 
Min 
Max 
Min 
Max 


Operation 
Frequency 
of 2 ClK 
f 
1 
8 
1 
9.8 
MHz 


1 
Clock 
Cycle 
Time 
!evc 
125 
1000 
102 
1000 
ns 


2 
Clock 
"High" 
level 
Pulse 
Width 
tpWCH 
55 
500 
46 
500 
ns 
1 
3 
Clock 
"low" 
level 
Pulse 
Width 
tpwCL 
55 
500 
46 
500 
ns 


4 
Clock 
Rise Time 
te, 
- 
10 
- 
5 
ns 


5 
Clock 
Fall Time 
tet 
- 
10 
- 
5 
ns 


Reference 
8MHz 
9.8 MHz 


No. 
Item 
Symbol 
Figure 
Version 
Version 
Unit 


Number 
Min 
Max 
Min 
Max 


6 
RIW Setup 
Time 
tRWS 
50 
- 
50 
- 
ns 


7 
RIW Hold Time 
tRWH 
0 
- 
0 
- 
ns 


8 
RS Setup 
Time 
tRSS 
2-4 
50 
- 
50 
- 
ns 


9 
RS Hold Time 
tRSH 
0 
- 
0 
- 
ns 


10 
CS Setup 
Time 
tcss 
40 
- 
40 
- 
ns 


11 
CS "High" 
level 
Widih 
tWCSH 
2,3 
60 
- 
60 
- 
ns 


12 


13 
Read Wait Time 
tRWAI 
0 
- 
0 
- 
ns 


14 
Read 
Data Access 
Time 
tRoAC 
- 
80 
- 
80 
ns 
2,4 
15 
Read 
Data Hold Time 
tRoH 
10 
- 
10 
- 
ns 


16 
Read 
Data Turn Off Time 
tRoZ 
- 
60 
- 
60 
ns 


17 
DTACK 
Delay 
Time 
(Z to l) 
toTKZL 
2-4 
- 
70 
- 
70 
ns 


18 
DTACK 
Delay 
Time 
(0 to l) 
toTKoL 
2,4 
0 
- 
0 
- 
ns 


19 
DTACK 
Release 
Time 
(l 
to H) 
toTKLH 
- 
80 
- 
80 
ns 
2-4 
20 
DTACK 
Turn Off Time 
(H to Z) 
toTKZ 
- 
100 
- 
100 
ns 


21 
Data Bus 3 State 
Recovery 
toBRTl 
2,4 
0 
- 
0 
- 
ns 
Time 
1 


22 
Write Wait Time 
tWWAI 
0 
- 
0 
- 
ns 


23 
Write 
Data Setup 
Time 
twos 
3,4 
40 
- 
40 
- 
ns 


24 
Write 
Data Hold Time 
tWoH 
10 
- 
10 
- 
ns 
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Reference 
8 MHz 
9.8 MHz 


No. 
Item 
Symbol 
Figure 
Version 
Version 
Unit 


Number 
Min 
Max 
Min 
Max 


25 
DREQ 
Delay 
Time 
1 
tOROOl 
- 
110 
- 
110 
ns 


26 
DREQ 
Delay 
Time 2 
tOROO2 
- 
70 
- 
70 
ns 


27 
DMA 
Rrw 
Setup 
Time 
tOMRWS 
50 
- 
50 
- 
ns 
5-8 


28 
DMA Rrw 
Hold Time 
tOMRWH 
0 
- 
0 
- 
ns 


29 
DACK 
Setup 
Time 
tOAKS 
40 
- 
40 
- 
ns 


30 
DACK 
"High" 
Level Width 
tWOAKH 
60 
- 
60 
- 
ns 


31 


32 
DMA 
Read Wait Time 
tORW 
0 
- 
0 
- 
ns 


33 
DMA Read 
Data Access 
Time 
tOROAC 
- 
80 
- 
80 
ns 
5,6 


34 
DMA Read 
Data Hold Time 
tOROH 
10 
- 
10 
- 
ns 


35 
DMA 
Read 
Data Turn Off Time 
tOROZ 
- 
60 
- 
60 
ns 


36 
DMA 
DTACK 
Delay Time 
(Z to L) 
tOOTZL 
5-8 
- 
70 
- 
70 
ns 


37 
DMA 
DTACK 
Delay Time 
(D to L) 
tOOTOL 
5,6 
0 
- 
0 
- 
ns 


38 
DMA 
DTACK 
Release 
Time 
(L to H) 
tOOTLH 
- 
80 
- 
80 
ns 


39 
DMA 
DTACK 
Turn Off Time 
(H to Z) 
tOOTHZ 
- 
100 
- 
100 
ns 
5-8 


40 
DONE 
Output 
Delay Time 
tONO 
- 
70 
- 
70 
ns 


41 
DONE 
Output 
Turn Off Time 
(L to Z 
tONLZ 
- 
80 
- 
80 
ns 


42 
Data Bus 3 State 
Recovery 
Time 2 
tOBRT2 
5,6 
0 
- 
0 
- 
ns 


43 
DONE 
Input 
Pulse Width 
tONPW 
5,8 
2 
- 
2 
- 
Clk. 


44 
DMA Write 
Wait Time 
toww 
0 
- 
0 
- 
ns 


45 
DMA Write 
Data Setup 
Time 
towos 
7-8 
40 
- 
40 
- 
ns 


46 
DMA Write 
Data Hold Time 
tOWOH 
10 
- 
10 
- 
ns 


47 
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Reference 
8 MHz 
9.8 MHz 


No. 
Item 
Symbol 
Figure 
Version 
Version 
Unit 
Number 
Min 
Max 
Min 
Max 


48 
AS "Low" 
Level 
Pulse Width 
tpWASL 
25 
- 
20 
- 
ns 


49 
Memory 
Address 
Hold Time 
2 
tMAH2 
10 
- 
5 
- 
ns 


50 
AS Delay 
Time 
1 
tASD1 
- 
60 
- 
50 
ns 
9-12 
51 
AS Delay 
Time 
2 
tASD2 
5 
65 
5 
40 
ns 


52 
Memory 
Address 
Delay 
Time 
tMAD 
15 
70 
10 
50 
ns 


53 
Memory 
Address 
Hold Time 
1 
tMAH1 
25 
- 
15 
- 
ns 


54 
Memory 
Address 
Turn Off 
tMAAZ 
9, 10, 12 
- 
50 
- 
35 
ns 
Time 
(A to Z) 


55 
Memory 
Read 
Data Setup 
Time 
tMADS 
35 
- 
30 
- 
ns 
10 
56 
Memory 
Read 
Data Hold Time 
tMADH 
10 
- 
0 
- 
ns 


57 
MNRA 
Delay 
Time 
tMAAAD 
9-12 
- 
80 
- 
60 
ns 


58 
MNRA 
Hold Time 
tMAAAH 
9-11 
10 
- 
5 
- 
ns 


59 
MCYC 
Delay 
Time 
tMCVCD 
9-13 
5 
60 
5 
40 
ns 


60 
MRD 
Delay 
Time 
tMADD 
- 
70 
- 
50 
ns 


61 
MRD 
Hold Time 
tMAH 
10 
- 
5 
- 
ns 
9-12 
62 
DRAW 
Delay 
Time 
tDAWD 
- 
70 
- 
50 
ns 


63 
DRAW 
Hold Time 
tDAwH 
10 
- 
5 
- 
ns 


64 
Memory 
Write 
Data Delay 
Time 
tMwDD 
- 
70 
- 
50 
ns 
11 
65 
Memory 
Write 
Data Hold Time 
tMWDH 
10 
- 
5 
- 
ns 


110 
Memory 
Address 
Setup 
Time 
1 
tMAS1 
9-12 
10 
- 
10 
- 
ns 


112 
Memory 
Address 
Setup 
Time 
2 
tMAS2 
9-12 
10 
- 
10 
- 
ns 


NOTE 
1) Characteristic 
of No. 52 is defined 
independently 
of 2CLK 
operation 
frequency 
(I) and timing 
of No. 51 
and No. 110. 
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Reference 
8MHz 
9.8 MHz 


No. 
Item 
Symbol 
Figure 
Version 
Version 
Unit 


Number 
Min 
Max 
Min 
Max 


67 
HSYNC 
Delay 
Time 
tHSD 
12-14 
- 
70 
- 
50 
ns 


68 
VSYNC 
Delay 
Time 
tVSD 
- 
70 
- 
50 
ns 


69 
DISP1, 
DISP2 
Delay Time 
tDSPD 
- 
70 
- 
50 
ns 


70 
CUD1, 
CUD2 
Delay time 
tCUDD 
13 
- 
70 
- 
50 
ns 


71 
EXSYNC 
Output 
Delay Time 
tEXD 
20 
70 
15 
50 
ns 


72 
CHR 
Delay 
Time 
tCHD 
- 
70 
- 
50 
ns 


73 


74 


Reference 
8 MHz 
9.8 MHz 


No. 
Item 
Symbol 
Figure 
Version 
Version 
Unit 
Number 
Min 
Max 
Min 
Max 


75 
EXSYNC 
Input 
Pulse 
Width 
tEXSW 
3 
- 
3 
- 
tcvc 


76 
EXSYNC 
Input 
Setup 
Time 
tExS 
14 
50 
- 
30 
- 
ns 


77 
EXSYNC 
Input 
Hold Time 
tEXH 
15 
- 
10 
- 
ns 


Reference 
8 MHz 
9.8 MHz 
No. 
Item 
Symbol 
Figure 
Version 
Version 
Unit 
Number 
Min 
Max 
Min 
Max 


78 
LPSTB 
Uncertain 
Time 
1 
tLPD1 
70 
- 
45 
- 
ns 


79 
LPSTB 
Uncertain 
Time 
2 
tLPD2 
10 
- 
10 
- 
ns 


80 
LPSTB 
Input 
Hold Time 
tLPH 
15,16 
10 
- 
10 
- 
ns 


81 
LPSTB 
Input 
Inhibit 
Time 
tLPI 
4 
- 
4 
- 
tcvc 


Reference 
8 MHz 
9.8 MHz 
No. 
Item 
Symbol 
Figure 
Version 
Version 
Unit 


Number 
Min 
Max 
Min 
Max 


82 
DACK 
Setup 
Time 
for RES 
tDAKSR 
100 
- 
100 
- 
ns 


83 
DACK 
Hold Time 
for RES 
tDAKHR 
17 
0 
- 
0 
- 
ns 


84 
RES Inpulse 
Pulse 
Width 
tRES 
10 
- 
10 
- 
tcvc 
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Reference 
8 MHz 
9.8 MHz 
No. 
Ilem 
Symbol 
Figure 
Version 
Version 
Unil 
Number 
Min 
Max 
Min 
Max 


85 
IRQ Delay Time 1 
IIRQ1 
- 
150 
- 
150 
ns 
18,19 
86 
IRQ Delay Time 2 
IIRQ2 
- 
500 
- 
500 
ns 


87 
ATR Delay Time 1 
IATROl 
- 
80 
- 
60 
ns 
12 
88 
ATR Hold Time 1 
IATRHl 
10 
- 
5 
- 
ns 


89 


90 
ATR Delay Time 2 
IATR02 
- 
80 
- 
60 
ns 
12 
91 
ATR Hold Time 2 
IATRH2 
10 
- 
5 
- 
ns 


MPU Read/Write Cycle Timing (synchronous 
bus). 


DMA Read/Write Cycle Timing (synchronous 
bus) 


Reference 
8 MHz 
9.8 MHz 
No. 
Ilem 
Symbol 
Figure 
Version 
Version 
Unil 
Number 
Min 
Max 
Min 
Max 


100 
CS Cycle Time 
Icsc 
4 
- 
4 
- 
Icvc 


101 
CS "Low" Level Widlh 
IWCSL 
2,3 
2 
- 
2 
- 
Icvc 


102 
CS "High" 
Level Widlh 
IWCSH 
2 
- 
2 
- 
Icvc 


103 


104 
DACK Cycle Time 
IDACKC 
4 
- 
4 
- 
Icvc 


105 
DACK "Low" Level Widlh 
IWOACKL 
6,8 
2 
- 
2 
- 
Icvc 


106 
DACK "High" 
Level Widlh 
IWDACKH 
2 
- 
2 
- 
Icvc 


2.2v 


O.7V 
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~ 
co0 


2ClK 


I 
RIW 
[l0 
n:!:» 
3 
!!! 
RS 
o' 
III 
~ 
CS 
'"'"<5 
0 
01@ 
00-015 
Q. 
• 


CD 
~ :I 
CD 
:0 
~ 


C 
CD 
oTACK 


en 
C') 
III :I 
:0 
c... 
0 
U> 
.CD 
()» 
CD 
U1 
~ 


•• 
0$.,. 
Co> 
~ 
Co>8 


Vcc-2.0V 
O.8V 


-I- 
• I 
Synchronous bus timing 
(The MPU read cycle timing is fixed.! 


(Note 1) CS "high" 
level width must satisfy specification (jJ) 


Unless satisfying the~ 
@,oT ACK and read data response delay to the succeeding cycle. 


(Note 2) @ @ ,and ~ 
are synchronous bus timing specifications . 


;:I; 
g; 
2CLK 
0:?:» 
3~ 
RIW 
o' 
'"r 
<i 


N 
RS 
N0 
0 
~ 
CS 
~@ 
~ :I 
CD 
::> 
~ 


c 
CD 
Do-D 
•• 


(f) (') 
'" :I 
::> 
c.... 
0 
DTACK 
'" 
5" 
()» 
CD 
U1 
9 


~ 
0~ 
J> 
'"U1 


'"'"00 


Synchronous bus timing 
(The MPU read cycle timing is fixed.) 


CS "high" 
level width must satisfy specification GY 


Unless satisfying the~ 
@.DTACK and read data response delay to the succeeding cycle. 
@ @. and <.!.£3J are synchronous bus timing specifications. 


~ 
co 
I\) 


To 
T, 


2CU< 


I;: 
R/W- 
""-» 
3~ 
o· 
RS 
ll>!: 
?- 


I\) 
CS 
I\) 
0 
0 
01~ 
Q. 
• 


CD 
00-0 •• 
~ :I 
CD::l 
~ 


C 
CD 


OTACK 
en 
'" 


ll> :I 
::l~ 
0 
<Il 
_CD 
()» 
'" 
01 
~ 


•• 
0 
.5!!~ 
'"01 
Co 
'"00 


(Notel When the MPU 
read eyele immediately follows the MPU 
writ~e 
execution. OT ACK 
and 
the read data responses delay (by 3 teyel even though spec. QE3) is satisfied. 


To 
T, 
T2 
T3 
T. 
Tn·2 
Tn.' 
Tn 
r .....• 
I 
\ 
I 
\ 
2CLK 
I 
\... 
..J 


I 
(Cycle Steal 
Mode) 


s= 
(') 
DREQ 
(Burst 
Mode) 
:!:» 
O.8V 
3~ 
n· 
III!: 
?- 
Rm 
O.7V 


'" 
!§ 
'"0 
0 
2.2V 
2.2V 
2.2V 
~. 


DACK 
O.7V 
O.7V 
@ 
@ 
~ :I 
'":J 


~ 


c 
Vcc-2.0V 
'" 
Do-D,s 


(IJ (') 
III :I 
:J 
@ 
t-o 
'"5" 
DTACK 
() 
(READY] 
O.8V 
» 
<0 
'"~ 


~ 
DONE (Ouput) 
08V 
0 
.2!~ 
Co> 
'"cD 
Co>8 


I\) 
I\)oooi@ 
Q. 
• 


CD 
~J: 
::l 
_ 
~ ~ 
C/lC') 
~ J: 
t- 
O 
j£ 
() 
)- 


CO 
c.n 
~ 


~ 


.'*' 
.. 


O.7V 
./ 
\ ..• 


O.8V 


(Note) DACK "high" 
level width must satisfy spec @ .Unless satisfying spec @§), 
DTACK and the read data delay to the succeeding cycle. 
When the ACRTC is used with the synchronous bus timing, specifications @,@ 
and @ must be satisfied. 


• DONE needs to be asserted "Low" 
while 
DACK remains "Low". 
DONE "Low" 
width 
must satisfy spec. @ . 


,If\ 
, 
\ 
, 
\ 


..J 
I... 


2.2V 


O.7V 


2.2V 


O.7V 


-'5"5'NE needs 
to be asstrted 
"Low" while 


'5AC'i( remains "low"~ 
"Low" width 


must Slltisfy the spec. ~ 


~ 


r-\ 


O.7V 
@ 
./ 
\ .• 


08V 


DTACK 
(READY) 


(Note) DACK "high" 
level width must satisfy spec ® .Unless satisfying spec @, 
DTACK response delays to the succeeding cycle. 
When the ACRTC is used with the synchronous bus timing, specifications @,@ 
and 
@must 
be satisfied. 


• DONE needs to be asserted "Low" 
wh~DACK 
remains "low". 


DONE "low" 
width must satisfy spec ~ 


Figure 10 
Frame Memory 
Read Cycle Timing 
(ACRTC 
+- Frame Memory) 
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Figure 11 
Frame Memory 
Write 
Cycle Timing 
(ACRTC -+ Frame Memory) 
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MCYC 


HSYNC 
Vcc- 
2.QV 


VSYNC 
O.8v 


orsn 
Vcc- 
2.QV 
DISP2 
08v 
@ 


CUDl 
Vcc- 2.0V 
CUD2 
O.8V 


EXSYNC 
Vcc- 2.0V 
(Output! 
O.8V 


CHR 
Vcc- 2.0V 


EXSYNC 
(FROM 
MASTER) 


O.7V 
@ 


O.7V 
@ 
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Single 
Access 
Mode 


Display 
Cycle 


(hen 
LPSTB rises in this period, 
memory 
address 
"M + 2" is set in the Light 
Pen Address 
register. 


Note 
1: 
Mem(){)' 
addresses 
"Moo, "M+ 
1", 
"M+ 
2", 
and "M+ 
3" 
denote 
the display 
addresses. 


Note 
2. 
Mem(){)' 
address 
set in the Light 
Pen Address 
regIster during 
H-sync 
cycle 


may not be proper. 


Note 
1 
Mem(){)' 
Addresses 
"M", 
"M+ 
1", and "M+ 
2" 
denote 
the dIsplay 
addresses 
.n the Interleave 
Mode, 
and 


those of the background 
screen 
In the Superimpose 
Mode 


Note 2' 
When 
lPSTB 
nses.n 
the perIOd (1), memory 
address 
"M+ 
1" 
1$ set 
If'! the llQht 
Pen Address 
register. 


Note 3 
When 
lPSTB 
rises In the perro 
121.memory 
address 
"M+ 
2" 
IS set tn the Ltght Pen Address 
regIster. 


Note 4 
Memory 
address 
set .n the L'9ht 
Pen Address 
register 
during 
H-sync 
cycle 
may not be proper. 
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82 
@ 


O.7V 
O.7V 


@ 


2.2V 


O.7V 
07V 


Figure 17 
RES Input and DACK 
Input Timing 
(System 
Reset and 16-bit/8-bit 
Selection) 


This is an IRQ output 
timing example. 
In this case, IRQ is generated 
by status 


flag RFF (Read FIFO Full). 


When 
issuing read commands 
(RD) 
which transfer 
data exceeding 
Read FIFO 
space (8 words), 
the FIFO becomes 
full, and the command 
execution 
pauses 
(RFF: 
set, ~: 
generated). 
By reading out I-word data, spare occurs in the FIFO, and the 
ACRTC 
resets 
RFF 
flag and 
then 
negates 
IRQ, 
while 
on 
the 
other 
hand 
the 
ACRTC 
resumes 
the internal 
operation 
(command 
execution) 
to fill the FIFO, and 
sets RFF flag and then asserts IRQ again. 


In this case, the timing from IRQ negate to assert is 3 cycles (tcyc). 
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(Note) 
When tuming power on, 2CLK and RES timings must be 
as shown in figure E22. The delay time from Vcc rising to 
2CLK rising (bCH) must be under 100 ms, and that from 
Vcc rising to RES rising (IREH) must be above 100 ms. 


Signal 
Load condition 


Do - 
015 


DTACK 
DREG 
RL = 18 KH 
MADo - 
MAD •• 
C = 40 pF 
MA ••/RAo - 
MA .oIRA3 
R = 10 KH 


RA, 
VSYNC, HSYNC 
EXSYNC 
All diodes are 


MCYC,AS,MRD 
1S2074H's 
or 
DRAW, CHR 
the equivalent 
DISP1, DISP2 
CUD1, CUD2 
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If excessive 
ringing noise occurs on CRT data bus (figure E23), damping 
resis- 
tors may be required 
for the data bus as shown in figure E24. 


MAD. 


MAD. 


Note: 
The ringing level depends on the load 
capacity. and it can be VOL + 0.1 V. 


t 
Damping 
Resistors 
(50 - 
lOOn) 


r-- 
-- -, 
I 
I 
I 
I 
I 


Vcc 
Vss (55) 


(14) Vcc Vss (51) 


Vss (54) 


(16) Vss Vcc (49) 


Vss 
Vcc (52) 


I 
I 
I 
I 
I 
I 
I 
I 
I 


11-'F/35V Tantalum Capacitor (x 2) 
'--- 
--_.I 


(a) Circurt Example 164pin DIP) 


11-'F/35V Tantalum Capacrtor Ix 3) 


Ib) Circuit Example 168pin PLCC) 


When designing Vcc and Vss pattern of the circuit board. locate capacitors nearest 
to each power supply pin IVcc and Vss). 
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• 
SYSTEM CONFIGURATION 
Existing 
CR TCs 
provide 
a single 
bus 
interface 
to the 
frame 
buffer 
which 
must 
be shared 
with 
the 
host 
MPU. 
However, 
the 


refresh 
of large 
frame 
buffers 
and 
the requirement 
to access 
the 


frame 
buffer 
for 
drawing 
operations 
can 
quickly 
saturate 
this 


shared 
bus bandwidth. 


As shown 
in figure 
26, the 
ACRTC 
uses 
separate 
host 
MPU 


and frame 
buffer 
bus 
interfaces. 
This 
allows 
the 
ACRTC 
full ac- 


cess to the 
frame 
buffer 
for display 
refresh, 
DRAM 
refresh, 
and 


drawing 
operations 
while 
minimizing 
the 
ACRTC's 
usage 
of the 


MPU 
system 
bus. 
Thus, 
overall 
system 
performance 
is max- 


imized. 
A related 
benefit 
is that 
a large 
frame 
buffer 
(2M 
byte 


for each 
ACR TC) 
is useable 
even 
if the host 
MPU 
has a smaller 


address 
space or segment 
size restriction. 
The 
ACRTC 
can utilize 
an external 
DMA 
controller. 
This 
in- 


creases 
system 
throughput 
when 
large 
amounts 
of 
command, 
parameter, 
and 
data 
information 
must 
be 
transferred 
to 
the 


ACRTC. 
Also, 
advanced 
DMAC 
features, 
such 
as the HD68450 


DMAC's 
'chaining' 
modes, 
can 
be 
used 
to 
develop 
powerful 


graphics 
system 
architectures. 


However, 
more cost sensitive or less performance sensitive 


applications 
do 
not 
require 
a 
DMAC. 
The 
interface 
to 
the 


ACRTC 
can be handled 
completely 
under 
MPU 
software 
control. 


While 
both 
ACRTC 
bus 
interfaces 
(Host 
MPU 
and 
Frame 
Buffer) 
are 
16-bit 
data 
paths 
for 
maximum 
performance, 
the 


ACRTC 
also offers 
an 
8-bit 
MPU 
mode 
for easy connection 
to 
popular 
8-bit bus structures. 


DTACK 
cs 
RS 
Rffl 
ACRTC 
DJmi 
~ 
tmm' 


• 
INTERNAL FUNCTIONS 
• 
BLOCK DIAGRAM 
The 
ACRTC 
consists 
of five 
major 
functional 
blocks. 
These 


functional 
blocks 
operate 
in parallel 
to achieve 
maximum 
perfor- 


mance. 
Two of the blocks 
perform 
the 
external 
bus interface 
for 


the host 
MPU and CRT 
respectively. 


o 
MPU 
Interface 
Manages 
the 
asynchronous 
host 
MPU 
interface 
including 
the 


programmable 
interrupt 
control 
unit 
and 
DMA 
handshaking 


control 
unit. 


o 
CRT 
Interface 
Manages 
the frame 
buffer 
bus and CRT 
timing 
input 
and out- 


put 
control 
signals. 
Also, 
either 
display 
refresh 
address 
or 


drawing 
address 
outputs 
is selected. 
The 
other 
three 
blocks 
are separately 
microprogrammed 
pro- 
cessors 
which 
operate 
in parallel 
to perform 
the 
major 
func- 
tions 
of drawing, 
display 
control 
and timing. 


o 
Drawing 
Processor 


Interprets 
commands 
and command 
parameters 
issued 
by the 


host 
bus 
(MPU 
and/or 
DMAC) 
and performs 
the drawing 
op- 


erations 
on 
the 
frame 
buffer 
memory. 
This 
processor 
is re- 
sponsible 
for 
the 
execution 
of 
ACR TC 
drawing 
algorithms 
and 
conversion 
of 
logical 
pixel 
X- Y 
addresses 
to 
physical 


frame 
buffer 
addresses. 


Communication 
with the host 
bus is via separate 
16 byte read 


and write FIFOs. 
o 
Display 
Processor 
Manages 
frame 
buffer 
refresh 
addressing 
based 
on 
the 
user 
programmed 
specification 
of display 
screen 
organization. 
Com- 
bines 
and displays 
as many 
as 4 independent 
screen 
segments 
(3 
horizon tal 
splits 
and 
I window) 
using 
an 
internal 
high 


speed 
address 
calculation 
unit. Controls 
display 
refresh 
address 
outputs 
based 
on Graphic 
(physical 
frame 
buffer 
address) 
or 
Character 
(physical 
frame 
buffer 
address + row address) 
dis- 
play modes. 
o 
Timing 
Processor 
Generates 
the 
CRT 
synchronization 
signals 
and 
other 
timing 
signals 
used 
internally 
by the ACR TC. 


The 
ACRTC's 
software 
visible 
registers 
are 
similarly 
parti- 
tioned 
and reside 
in the appropriate 
internal 
processor 
depend- 
ing on function. 
The 
registers 
in the Display 
and 
Timing 
pro- 


cessors 
are loaded 
with basic display 
parameters 
during 
system 
initialization. 
During 
operation, 
the 
host 
primarily 
communi- 


cates 
with 
the 
ACRTC's 
Drawing 
processor 
vias 
the 
on- 


chipFlFOs. 


• 
SIGNAL DESCRIPTION 
Following 
is a brief description 
of the 
ACRTC 
pin 
functions 
organized 
as 
MPU 
Interface, 
DMAC 
Interface, 
CRT 
Interface 
and Power 
Supply. 


M PU Interface 


RES 
(Input) 
Hardware 
reset 
input 
to the ACRTC. 


Do-D" 
(Input/Output) 


The 
bidirectional 
data 
bus 
for communication 
with 
the 
host 
MPU 
or DMAC. 
In 8 bit data bus mode, 
Do-D7 
are used. 


R/W 
(Input) 
Controls 
the direction 
of host - 
ACRTC 
transfers. 


CS (Input) 
Enables 
data transfers 
between 
the host and the ACRTC. 


RS (Input) 


Selects 
the 
ACR TC 
register 
to be 
accessed 
and 
is normally 
connected 
to the least significant 
bit of the host address 
bus. 
DT ACK 
(Output) 


Provides 
asynchronous 
bus 
cycle 
timing 
and 
is compatible 


with the HD68000 
MPU 
DT ACK input. 


IRQ 
(Output) 


Generates 
interrupt 
service 
requests 
to the host 
MPU. 


DMAC Interface 
DREQ 
(Output) 
Generates 
DMA 
service 
requests 
to the host 
DMAC. 


DACK 
(Input) 
Receives 
DMA 
acknowledge 
timing 
from 
the host 
DMAC. 
DONE 
(Input/Output) 


Terminates 
DMA 
transfer 
and 
is 
compatible 
with 
the 


HD68450 
DMAC 
bONE 
signal. 


CRT Interface 
2CLK 
(Input) 
Basic ACRTC 
operating 
clock derived 
from 
the dot clock. 
MADo-MAD15 
(Input/Output) 


Multiplexed 
frame 
buffer 
address/data 
bus. 
AS (Output) 
Address 
strobe 
for demultiplexing 
the 
frame 
buffer 
address/ 
data bus 
(MADo-MAD,,). 


MA16/RAo-MA,,.IRA, 
(Output) 


The 
high order 
address 
bits for graphic 
screens 
and the 
raster 
address 
outputs 
for character 
screens. 


RA, 
(Output) 


Provides 
the 
high 
order 
raster 
address 
bit 
(up 
to 32 rasters) 


for character 
screens. 
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CHR (Output) 
Indicates whether a graphic or character screen is being ac- 
cessed. 
MCYC (Output) 
Frame buffer memory access timing - 
one half the frequency 
of 2CLK. 
MRD (Output) 
Frame Buffer data bus direction control. 


ORA W (Output) 
Differentiates between drawing cycles and CRT display refresh 


~es_. 
__ 
DISPI, DISP2 (Output) 
Programmable display enable timing used to selectively ena- 
ble, disable and blank logical screens. 


RES 


DMA 
Control 
Unit 


Inter- 
rupt 
Control 
Unit 


MPU 
Inter- 
face 


CUDl, CUD2 (Output) 


Provides cursor timing determined 
by ACRTC programmed 


parameters such as cursor definition, cursor mode, cursor ad- 
dress, etc. 
VSYNC (Output) 
CRT device vertical synchronization pulse. 
HSYNC (Output) 
CRT device horizontal synchronization pulse. 
EXSYNC (Input/Output) 


For synchronization 
between 
multiple ACRTCs and other 
video signal generating devices. 
LPSTB (Input) 
Connection to an external light pen. 


20 
Drawing 
Data 


- 
DRAW 
MRD 


MADe-MAD" 
MA,.,IRAe- 
MA,..'RA, 
RA. 


Display 
Address 


20 


Raster 


Display 
Address 
CRT 


Processor 
5 
Interface 


CHR 


CCUD 


CHR 


2 


LPSTB 


CUD1. 
CUD2 


HSYNC 


VSYNC 


EXSYNC 


DISP1. DiSP2 


MCYC 


AS' 


2CLK 
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Video Attributes 


The ACRTC 
outputs 
20 bits of video 
attributes 
(Figure 
28) on 


MAD,,-MAD15 
and 
MA"/RA.,-MA19/RA3• 
These 
attributes 
are 
output 
at the 
last cycle 
prior 
to the 
rising 
edge 
of HSYNC 
and 


should 
be latched 
externally. 
Thus, 
video 
attributes 
can be set on 


a raster 
by raster 
basis. 


MA,i 
MA18 


MA'7 


MAIO 


MAO'5 


BLlNK2 
BLINK! 
SPL2 
SPL1 
HZ3 


HZO 
HSD3 


HSDO 
ATC7 


ATCO 


1 


Blink 


Split Screen Number 
f"--'~ 


} "00'__ ,.." 
~ 


Attribute 
Code 
(ATCO-ATC7: 
MADo-MAD,) 
These 
are 
user-defined 
attributes. 
The 
programmed 
contents 


of the 
Attribute 
Control 
bits 
(ATR) 
of the 
Display 
Control 
Register 
(DCR) 
are output 
on these 
lines. 


Note) 
The 
data written 
into A TR can be externally 
used 
after 


the completion 
of current 
raster 
scanning. 


MAD. 
MAD, 


Attribute 
Code 
(ATCO-ATC7) 
Application 


The 
following 
shows 
some 
application 
examples. 


(I) 
Amount 
of horizontal 
dot shift for window 
smooth 
scroll. 


(2) 
Horizontal 
width 
of crosshair 
cursor 
and 
the 
amount 
of 
horizontal 
dot shift 
(including 
Block cursor). 
(3) 
Frame 
buffer 
specification 
in blocks 
(used 
for 
the 
base 


register). 
(4) 
Back ground 
screen 
color or character 
color code. 
(5) 
Display 
screen 
selection 
during 
screen 
blink 
(used 
with 
SPL). 
(6) 
Interrupt 
vector 
address 
storage. 
(7) 
Polarity 
selection 
of 
horizontal/vertical 
synchronization 


signal. 


(8) 
Blinking 
signal for indicator 
lights. 
(9) 
Code 
storage 
(max. 
8 bit), 
selection 
signal, 
etc. 


Horizontal 
Scroll Dot 
(HSDO-HSD3: 
MADs-MADII) 
These 
are used 
in conjunction 
with external 
circuitry 
to imple- 
ment 
smooth 
horizontal 
scroll. 
These 
lines 
contain 
the 
en- 


coded 
start 
dot 
address 
which 
is used 
to control 
the 
external 
shift 
register 
load 
timing 
and 
data. 
HSD 
usually 
corresponds 
to the start 
dot address 
of the 
background 
screens. 
However, 


if the 
window 
smooth 
scroll 
(WSS) 
bit of OMR 
(Operation 
Mode 
Register) 
is set to I, HSD 
outputs 
the start dot address 
of the window 
screen 
segment. 


Note) 
HSD 
outputs 
the 
valid value 
only 
within 
the 
specified 
raster 
area. 
Changing 
the 
register 
contents 
during 
the 
scanning 
does 
not 
cause 
any external 
effects, 
because 
the 
value 
loaded 
at 
the 
beginning 
of 
the 
area 
is re- 
served. 


Horizontal 
Zoom 
Factor 
(HZO-HZ3: 
MAD,,-MAD,,) 


These 
lines 
output 
the encoded 
(1-16) 
horizontal 
zoom 
factor 
as 
stored 
in 
the 
Zoom 
Factor 
Register 
(ZFR). 
Horizontal 
zoom 
is accomplished 
by the 
ACRTC 
repeating 
a single 
dis- 
play address 
and using 
the HZ outputs 
to control 
the external 
shift 
register 
clock. 
Horizontal 
zoom 
can 
only 
be applied 
to 
the Base screen. 


Split Screen 
Code 
(SPLI -SPL2: 
MA,,-MA17) 


These 
lines 
present 
the encoded 
information 
showing 
the split 
screen 
currently 
being displayed 
by the ACRTC. 


SPL2 
SPLI 
o 
0 
Out of background 
screen 
o 
I 
Base Screen 
IOU 
pper Screen 
I 
I 
Lower 
Screen 
Even 
if the split screen 
display 
is prohibited, 
SPL is output 
if 
the area is specified. 


Blink (BLINKI-BLINK2: 
MA,,-MA,.) 


The 
lines alternate 
from 
high to low periodically 
as defined 
in 
the Blink Control 
Register 
(BCR). 
the blink frequency 
is spec- 
ified in units 
of 4 field times. 
A field is defined 
as the 
period 
between 
successive 
VSYNC 
pulses. 
These 
lines 
are 
used 
to 
implement 
character 
and screen 
blinking. 


• 
ADDRESS 
SPACE 
The 
ACRTC 
allows 
the host 
to issue commands 
using 
logical 
X- Y coordinate 
addressing. 
The 
ACRTC 
converts 
these 
to physi- 
cal linear 
word addresses 
with bit field offsets 
in the frame 
buffer. 


Figure 
26 shows 
the relationship 
between 
a logical X- Y screen 
address 
and the frame 
buffer 
memory, 
organized 
as sequential 
16 
bit words. 
The 
host 
may specify 
that 
a logical pixel consists 
of I, 


2, 4, 8 or 16 physical 
bits in the frame 
buffer. 
In the example, 
4 
bits 
per 
logical 
pixel 
is used 
allowing 
16 colors 
or tones 
to be 
selected. 
Up to four logical screens 
(Upper, 
Base, Lower, 
and Window) 
are 
mapped 
into 
the 
ACRTC 
physical 
address 
space. 
The 
host 
specifies 
a logical 
screen 
physical 
start 
address, 
logical 
screen 
physical 
memory 
width 
(number 
of memory 
words 
per 
raster), 


logical 
pixel 
physical 
memory 
width 
(number 
of bits 
per 
pixel) 
and 
the 
logical 
origin 
physical 
address. 
Then, 
logical 
pixel 
X- Y 
addresses 
issued 
by the 
host 
or 
by the 
ACRTC 
Drawing 
pro- 
cessor 
are 
converted 
to 
physical 
frame 
buffer 
addresses. 
The 
ACRTC 
also performs 
bit extraction 
and 
masking 
to map 
logical 
pixel 
operations 
(in 
the 
example, 
4 bits) 
to 
16-bit 
word 
frame 
buffer 
accesses. 


~HITACHI 


Hitachi America 
Ltd. 
• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


r,,~.~ 


MW 
1 


~HITACHI 


Hitachi America 
Ltd. 
• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


yy-_I~r 


Origin 


7 
0 
15 
I Address Register I} Hardware ;' 


Access ••.'" 
~~S~ta-t-u-s~R-eg~i-st-er-~I 
/// 


o 
~~- 
[~~__-_-_-___-_~lfQ}_n.!ri~=====~... 


I 
Command 
Control 
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I 
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nmlna Control 
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Raster Counter 
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Sync. 
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Display 
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Vertical 
Display 


Split Screen Width 


B link Control 
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Vertical Window Display 
> 


Graphic 
Cursor 


Display Control RAM 


Split Screen O· 
Control 
(Upper Screen) 


Split Screen 1 
Control 
(Base Screen) 


Split Screen 2 
Control 
(Lower Screen) 


Split Screen 3 
Control 
(Window Screen) 


Block 
Cursor 
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Zoom Facter 
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Drawing 
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Pattern RAM Control 


Area Definition 


ReadlWrite Pointer 


Drawing Pointer 


Current Pointer 


~HITACHI 


Hitachi America 
Ltd .• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


CS RS rw Reg. 
Register 
Name 
Abbre. 
DATA 
(H) 
DATA 
(L) 
No. 
IS 
14 
13 I 12 
11 
10 
9 
8 
7 
6 
5 I 4 
3 
2 
I 
0 


I 
- 
.- ... _- ...... 
-_ .. 
.. __ .... 
-_ ........ - 


0 
0 
0 
AR 
Address 
Register 
AR 
............ 
__ ._- 
Address 


0 
0 
I 
SR 
Status 
-Register 
SR 
.-.-_ ............. 
CERIARO CEO LPO RFF RFR WFR WFE 


I/o 
rOD FIFO Entry 
FE 
FE 


1,1 
r02 
Corrvnand Control 
CCR 
A8T PSE OOM!COM ORC 
GBM 
CRE IARE CEE LPE 
RFE RRE WRE WEE 


I/o 
r04 
Operation 
Mode 
OMR 
MIS 
STR ACP WSSI 
CSK 
OSK 
RAMI 
GAl 
ACM 
RSM 


I/o 
r06 
Display Control 
DCR 
OSP SEI 
SED 
SE2 
SE3 
AT 
R 


rOS 
- 


,1E 


(undefined) 
- 
................ ..... --_ .. 
" 


I 
rSO 
Raster 
Count 
ReR 
..... -- 
I 
RC 


'/o 
rB2 
Horizontal 
Sync. 
HSR 
HC 
-_ ......... 
HSW 
r84 
Horizontal 
Oi splay 
HOR 
H 0 S 
HOW 


I/o 
r86 
Vertical 
Sync. 
VSR 
..... --- 
I 
vc 


I/o 
r88 
Vertical 
Display 
VOR 
V 0 S 
--_ ..... -.- 
V S W 


l./o~ 
.-.--- 
S P I 


1/0 
rSC 
Split 
Screen 
Width 
SSW 
.......... 
SPO 


1/cI~ 
---------. 
SP2 


I/o 
r90 
Blink 
Control 
BCR 
BONI 
BOFFl 
BON2 
BOFF2 


1,1 
r92 
Honzontal Window DIsplay 
HWR 
H WS 
HWW 


:~~ 
Vertical 
Window 
Display 
VWR 
.......... 
I 
V W S 
...-_ ..... 
T 
vww 
~'*- 


C X E 
C X S 


Graphic 
Cursor 
GCR 
......... - 
I 
C y S 


1/ciW, 
.......... 
I 
C Y E 
~4(undefined) 
- 
....... 
------- ..... 


rJE 


0 
1 l,/o~ 
Raster 
Addr. 0 
RARO 
------. 
I 
LRAO 
........... - 
I 
FRAO 
'~EUpper 
Memory 
Width 
0 
MWRO CHR 
--_ ... - 
I 
MWO 


I~~ 
Screen 
Start 
Addr.O 
SARO 
..._--- 
I 
SOAO 
.......... _. 
SAOH/SRAO 


1,/0 
rC6 
SAOL 


lA~ 
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RARI 
.._- 
L R A I 
.__ ._------- 
F R A I 
IA ..:g. Ba•• 
Memory 
Width 
1 
MWRI 
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.... -- 
I 
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~~ 


Screen 
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Addr. 
1 
SARI 
----_ .. 
I 
SO 
A I 
------------ 
SAIH/SRAI 


S A I L 


l,/o~ 
Raster 
Addr.2 
RAR2 
-_ .... - 
L R A 2 
-_ ..... 
_ .... 
F R A 2 


l,/o~ 
Lower 
Memory 
Width 
2 
MWR2 
CHR 
_ ...... 
I 
MW2 
:~~ 


Screen 
Start 
Addr.2 
SAR2 
------ 
J 
SOA2 
.... 
_ .. _ ... 
SA2H/SRA2 
SA 
2 L 


l,/o~ 
Raster 
Addr.3 
RAR3 
....... 
LRA3 
- ..- .. -_ ..- 
F R A 3 
Vo~ 
Window 
Memory 
Width 
3 
MWR3 
CHR 
._ ... -- 
I 
MW3 


l,/o~ 
Screen 
Start 
Addr.3 
SAR3 
------- 
I 
SO 
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...-.- ...... 
SA3H/SRA3 


1/0 
rOE 
SA3L 


:1* 
Block 
Cursor 
I 
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B C W 1 
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_ .......... - 
B C E R 1 
B C A 1 
~* 


Block 
Cursor 
2 
BCUR2 
B C W 2 
BCSR2 
............ 
BCER2 


BCA2 


I/o 
'E8 
Cursor 
Definition 
COR 
CM 
I 
CONI 
COFFl 
--_._- 
CON2 
T 
COFF2 
I/o 
rEA 
Zoom 
Factor 
ZFR 
HZ 
F 
VZF 
.. , 
_ ... .. -- ... _.- 


l~l 


._ .... .... _- ---- 
CHR 
...-.- 
LPAH 


1 
rEE 
Light 
Pen 
Address 
LPAR 
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- 
:~~ 
j<undefined} 
- 
............. 
_- 
----- ... 
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ABT 
: Abort 


ACM 
: Access 
Mode 


ACP 
: Access 
Pnority 


Address 
: Control 
register 
number 


ARD 
: Area 
Detect 


ARE 
: Area 
Detect 
Interrupt 
Enable 


ATR 
: Attribute 
Control 


COM 
: Command 
DMA 
Mode 


CEO 
: Command 
End 


CEE 
: Commad 
End 
Interrupt 
Enable 


CER 
: Command 
Error 


CRE 
: Command 
Error 
Interrupt 
Enable 


CSK 
: Cursor 
Display 
Skew 


OOM 
: Data 
OMA 
M:>de 


ORC 
: OMA 
Request 
Control 


DSK 
: DISP 
Skew 


OSP 
: DiSP 
Signal 
Control 


FE 
: FIFO 
Entry 


GAl 
: Graphic 
Address 
Increment 
Mode 


GBM 
: Gr aphic 
Bit 
Mode 


HC 
: Horizontal 
Cycle 


HDS 
: Horizontal 
Display 
Start 


HOW 
: Horizontal 
DiSPlay 
Width 


HSW 
: Horizontal 
Sync. 
Width 


LPO 
: Light 
Pen 
Strobe 
Detect 


LPE 
: Light 
Pen 
Strobe 
Interrupt 
Enable 


MIS 
: Master ISlave 


PSE 
: Pause 


RAM 
: RAM 
Mode 


RC 
: Raster 
Count 


RFE 
: Read 
FIFO 
Full 
Interrupt 
Enable 


RFF 
: Read 
FIFO 
Full 


RFR 
: Read 
FIFO 
Ready 


RRE 
: Read 
AFO 
Ready 
Interrupt 
Enable 


RSM 
: Raster 
Scan 
Mode 


SEa 
: Spilt 
Enable a 


SEI 
: Split 
Enable 
1 


SE2 
: Split 
Enable 
2 


SE3 
: Split 
Enable 
3 


STR 
: Start 


VC 
: Vertical 
Cycle 


VOS 
: Vertical 
Display 
Start 


VSW 
: Vertical 
Sync. 
WKfth 


WEE 
: Write 
FIFO 
Ef1l)ty 
Interrupt 
Enable 


WFE 
: Write 
FIFO 
Empty 


WFR 
: Write 
FIFO 
Ready 


WRE 
; Write 
FIFO 
Ready 
Interrupt 
Enable 


WSS 
: Window 
Smooth 
Scroll 


BONI. 
BON2 


BOFF!. 
BOfF2 


HWS 


HWW 
WlS 


VWW 


CXS. CYS 


CXE. CYE 


FRA 


LRA 


CHR 
MW 


SDA 


SAH/SRA 


SAL 


BCWl. 
BCW2 


BCSR 1, BCSR2 


BCAI. 
BCA2 


CM 


CONI. 
CON2 


COFF!. 
COFF2 


HZF. VZF 


LPAH 


LPAL 


: Split 
Screen 
0 
Width. 
Split 
Screen 
1 Width, 


Split 
Screen 
2 Width 


: Blink 
00 
1. B link 
ON 2 


: Blink 
OFF 
1. 
~Ulk 
OFF 
2 


: Horizontal 
Window 
Start 


: Horizontal 
Window 
Width 


: Vertical 
Window 
Start 


: Vertical 
Window 
Width 


: Cursor 
X Start. 
Cursor 
Y 
Start 


: Cursor 
X End. 
Cursor 
Y End 


: First 
Raster 
Address 


: Last 
Raster 
Address 


: Character 


: Memory 
Width 


: Start 
Dot 
Address 


: Start 
Address 
tiigh 
~/Start 
Raster 
Address 


: Start 
Address 
~LowR 


: Block 
Cursor 
Width 
1. Block 
Cursor 
Width 
2 


: Block 
OJrsor 
Start 
Raster 
1. Block 
Cursor 
Start 


Raster 
2 


: Block 
Cursor 
End 
Raster 
1. Block 
Cursor 
End 


Raster 
2 


: Block 
Cursor 
Address 
1. Block 
Cursor 
Address 
2 


: Cursor 
Mode 


: Cursor 
ON 1. Cursor 
ON 2 


: Cursor 
OFF 
1. Cursor 
OFF 
2 


: Horizontal 
Zoom 
Factor, 
Vertical 
Zoom 
Factor 


: Light 
Pen 
Address 
MHigh" 


: Light 
Pen 
Address 
"Low" 
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Register 
Read/ 
Data (H) 
Data (U 
Name of Register 
Abbr. 
No. 
Write 


15/14bb 
111101918 
7161514 
3121110 
PrOO 
RIW 
Color 0 
ClO 
ClO 


Pr01 
RIW 
Color 1 
Cl1 
Cl1 


Pr02 
RIW 
Color Comparison 
CCMP 
CCMP 


Pr03 
RIW 
Edge Color 
EDG 
EDG 


Pr04 
RIW 
Mask 
MASK 
MASK 


Pr05 
RIW 
PRC 
PPY 
PZCY 
PPX 
PZCX 


I 
Pattern RAM Control 
PSY 
PSX 
-1'·1 


Pr07 
PEY 
PZY 
PEX 
PZX 


Pr08 
RIW 
ADR 
XMIN 


I 
Area Definition •• 
YMIN 


XMAX 


Pr08 
YMAX 


PrOc 
RIW 
RWP 
ON r 
. y., ] 
RWPH 
Read Write Pointer 
PrOD 
RWPl 


PrOE 
- 
- 
- 
PrOF 
- 


Pr10 
R 
DP 
ON r 
DPAH 


Pr11 
Drawing Pointer 
OPAL 
I 
DPD 


Pr12 
R 
CP 
X 


Pr13 
Current Pointer •• 
Y 


Pr14 
- 
- 
- 
Pr15 
................... 
- 


CLO 


CLl 


CCMP 
EDG 


MASK 


PSX, 
PSY 


PEX, PEY 


PPX, PPY 


PZX, 
PlY 


PlCX, 
PlCY 


XMIN, YMIN 


XMAX, 
YMAX 


ON 


RWPH 


RWPL 


OPAH 


OPAL 


OPO 


X, Y 


: Register which can be read by Read Parameter 
Register Command (RPR) 


: Register which can be written into by Write Parameter 
Register Command (WPR) 


: Access is not allowed 


: Defines the color data used for the drawing when logical drawing data =0 


: Defines the color data used for the drawing when logical drawing data = 1 


: Defines the comparative color of the dra'Ning operation 


: Defines the edge color 


: Defines the bit pattern used to mask bits upon 'Nhich data transfer should not be performed 


: Pattern 
Start Point 


: Pattern 
End Point 


: Pattern 
Scan Start Point 


: Pattern Zoom 


: Pattern Zoom Count 


: Start point of Area definition 


: End point of Area definition 


: Screen 
Number 


: High-order 8 bit of Read Write Pointer Address 


: Low-order 
12 bit of Read Write Pointer Address 


: High·order 8 bit of Drawing Pointer Address 


; Low-order 12 bit of Drawing Pointer Address 


; DraYt'ingPointer Dot Address 


: Position indicated by Current 
Pointer on X-Y 
coordinate 
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• 
REGISTERS 
The ACRTC has over two hundred bytes of accessible regis- 


ters. These are organized as Hardware, Directly and FIFO ac- 
cessible. 
o 
Hardware Accessible 
The ACRTC is connected to the host MPU as a standard pe- 
ripheral which occupies two word locations of the host address 
space. The RS (Register Select) pin selects one of these two 
locations. When RS is low, reads access the Status Register 
and writes access the Address Register. 
The Status Register summarizes the ACRTC state and is used 
by the MPU to monitor the overall operation of the ACRTC. 
The Address Register is used to program the ACRTC with 
the address of the specific directly accessible register which the 
MPU wishes to access. 


o 
Directly Accessible 
These registers are accessed by prior loading of the Address 
Register with the chosen register address. Then, when the 
MPU accesses the ACRTC with RS= I, the chosen register is 
accessed. 
The FIFO entry enables access to FIFO accessible registers 
using the ACRTC read and write F1FOs. 
The Command Control Register controls overall ACRTC op- 
eration such as aborting or pausing commands, defining DMA 
protocols, enabling/disabling interrupt sources, etc. 
The Operation 
Mode Register defines basic parameters 
of 
ACRTC operation such as frame buffer access mode, display 
or drawing priority, cursor and display timing skew factors, 
raster scan mode, etc. 
The Display Control Register independently enables and disa- 
bles each of the four ACRTC logical display screens (Base, 
Upper, Lower and Window). Also, this register contains the 8 
bits of user defineable video attributes. 
The Timing Control 
RAM contains registers which define 
ACRTC timing. This includes timing specification for CRT 
control signals (e.g. HSYNC, VSYNC), logical display screen 
size and display period, blink timing, etc. 
The Display Control RAM contains registers which define 
logical screen display parameters such as start addresses, raster 
addresses and memory width. Also included are the cursor(s) 
definition, zoom factor and light pen registers. 


o 
FIFO Accessible 
For high performance drawing, key Drawing Processor regis- 
ters are coupled to the host via the ACRTCs separate 16 byte 
read and write FIFOs. 
ACRTC commands 
are sent from the MPU via the write 
FIFO to the Command 
register. As the ACRTC completes 
command 
execution, 
the 
next 
command 
is automatically 
fetched from the FIFO into the Command register. 
The Pattern RAM is used to define drawing and painting 'pat- 
terns'. The Pattern RAM is accessed using the ACRTCs Read 
Pattern RAM (RPTN) and Write Pattern RAM (WPTN) reg- 
ister access commands. 
The Drawing Parameter Registers define detailed parameters 
of the drawing process, such as color control, area control 
(hitting/clipping), 
and Pattern RAM pointers. The Drawing 
Parameter 
Registers are accessed using the ACRTCs Read 
Parameter 
Register 
(RPR) 
and 
Write 
Parameter 
Register 
(WPR) register access commands . 


• 
COMMANDS 
The ACRTC has 38 commands classified into three groups - 


REGISTER 
ACCESS, 
DATA 
TRANSFER, 
and 
GRAPHIC 
DRAWING. 
Five REGISTER ACCESS commands allow access to Drawing 
processor Drawing Parameter Registers and the Pattern RAM. 
Ten DATA TRANSFER commands are used to move data 
between the host system memory and the frame buffer, or within 
the frame buffer. 


Twenty three GRAPHIC 
ORA WING commands cause the 


ACRTC to perform drawing operations. 
Parameters 
for these 
commands are specified using logical X-Y addressing. 


All the above commands, parameters and data are transferred 
via the ACRTC read and write FIFOs. 


Assuming the ACRTC has been properly initialized, the MPU 


must perform two steps to cause graphic drawing. 


First, the MPU must specify certain drawing parameters which 


define a number of details associated with the drawing process. 
For example, to draw a figure or paint an area, the MPU must 
specify the 
drawing or 
painting 
'pattern' 
by initializing the 
ACRTC Pattern RAM and related pointers. Also, if clipping and 
hitting control are desired, the MPU specifies the 'area' to be 
monitored during drawing by initializing area definition registers. 
Other drawing parameters include color, edge definition, etc. 


After the drawing parameters have been specified, the MPU 
issues a graphic drawing command and any required command 
parameters, such as the CRCL (Circle) command with a radius 
parameter. The ACRTC then performs the specified drawing op- 
eration by reading, modifying, and rewriting the contents of the 
frame buffer. 


• 
COMMAND 
FORMAT 


ACRTC 
commands 
consist 
of 
a 
16-bit operation 
code, 


optionally followed by I or more 16-bit parameters. When 8 bit 
MPU mode is used, commands, parameters and data are sent to 
and from the ACRTC in the order of high byte, low byte. 
(a) 
16 bit interface 
For a 16-bit interface, first move the 16-bit operation code 
and then move the necessary 16-bit parameters one by one. 


bit 
bit 
15 
0 


1 
1 


P11 
~I} 


Parameters 
Pnl----~l 


Operation 
Code 


(b) 8 bit interface 
For a 8-bit interface, first move the operation code's high 
byte followed by low byte. Then move those of parameters 
in the same order. 


bit 


High 0 I ] Operation 


1 
Code 
Low 


bit 
7 
I 


I 


{ 


' 
High 


Pl 
i=:=:=LO:=W:== 


{ 
I 
High 


Po '--L-ow-- 
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Program Transfer 
Program transfer occurs when the MPU specifies the FIFO 


entry address and then writes commands/parameters 
to the write 
FIFO under program control (RS = high, R/W, CS = low). The 
MPU writes are normally synchronized with ACRTC FIFO status 
by software polling or interrupts. 
o 
Software Polling (WFR, WFE interrupts disabled) 
a) MPU program checks the SR (Status Register) for Write 
FIFO Ready (WFR) nag = I, and the writes I-word op- 
code/parameters. 
b) MPU program checks the SR (Status Register) for Write 
FIFO Empty (WFE) nag = 
I, and then writes 1- to 8- 
word op-code/parameters. 
o 
Interrupt Driven (WFR, WFE interrupts enabled) 
a) MPU WFR interrupt 
service routine 
writes I-word op- 


code/parameters. 


b) MPU WFE interrupt service routine writes 1- to 8-word 


op-code/parameters. 


In the specific case of Register Access Commands and an 
initially empty write FIFO, MPU writes need not be syn- 
chronized to the write FIFO status. The ACRTC can fetch 
and execute these commands faster than the MPU can issue 
them. 


Command DMA Transfer 
Commands and parameters can be transferred from MPU sys- 


tem memory using an external DMAC. The MPU initiates and 
terminates Command DMA Transfer mode under software con- 
trol (COM bit of CCR). Command DMA can also be terminated 
by assertion of the ACRTC DONE signal. DONE is treated as an 
input in Command DMA Transfer Mode. 


Using Command DMA Transfer, the ACRTC will issue cycle 


stealing DMA requests to the DMAC when the write FIFO is 
empty. The DMA data is automatically sent from system memo- 
ry to the ACRTC write FIFO regardless of the contents of the 
Address Register. 
Note I) Make sure that the write FIFO is empty and all the 


commands are terminated before starting the Command 
DMA Transfer. 


Note 2) The Data DMA Command cannot be executed in the 


Command DMA Transfer Mode. 


TYPE 
MNEMONIC 
COMMAND 
NAME 
OPERATION CODE 
PARAMETER 
#lwords) 
OPERATION 
CYCLES 
-1) 


ORG 
Oriain 
0 
0 
0 o 
0 
1 ,0 
0,0 
0 0 
0 '0 
0 
0 
0 OPH OPL 
3 
8 


Register 
WPR 
Write 
Parameter 
Register 
0 
0 
0 0'1 
o 10 010 0 0 I 
RN 
0 
2 
6 


Access 
RPR 
Read Parameter 
Register 
0 
0 
0 0" 
1 10 010 
0 0 
I 
RN 
1 
6 
Command 
WPT!,!_ 
Write 
Plttern 
RAM 
0 
0 0 
1,1 
0·00'0000, 
PRA 
n 
0, •...• 0n 
n+2 
4n+8 
RPTN 
Reid 
Pattern 
RAM 
0 
0 0 
1.1 
1'0010000. 
PRA 
n 
2 
4n+10 


ORO 
OMA Reod 
0 
0 
1 0.0 
1 '0 
0'0 
0 
0 0,0 
0 
0 
0 
AX 
AY 
3 
(4x+8)v+ 12[x' v/8tJ +(62-68) 


OWT 
OMAWrite 
0 
0 
1 0" 
o '0 
0'0 
0 0 
0 
0 0 
0 
0 
AX 
AY 
3 
(4x+8Iv+16(x- 
v/8tJ +34 


OMOO 
OMAModify 
0 
0 
1 011 
1 :0 0,0 
0 0 0 ,0 0: MM 
AX 
AY 
3 
14x+8Iv+16(x- v/81) +34 


RO 
Read 
0 
1 0 o 
0 
1 '0 
0'0 
0 0 
0,0 
0 
0 
0 
1 
12 


DIU 
WT 
Write 
0 
1 0 
0'1 
o '0 0:0 
0 0 0.0 
0 0 0 
0 
2 
8 
Transfer 


MOD 
Modify 
1 
011 
1 '0 
0.0 
0 a 0.0 
O· MM 
0 
2 
8 
Command 
0 
0 
CLR 
Clelr 
0 
1 0 
1 
1 o : 0 0,0 
0 
0 0 ,0 
0 
0 
0 
0 
AX 
AY 
4 
12x+8)y+12 


SCLR 
Selec::tNe C~.r 
0 
1 0 
1 '1 
1 '0 
0.0 
0 0 0.0 
0: MM 
0 
AX 
AY 
4 
14x+6Iv+12 


CPY 
CoDY 
0 
1 
1 0'5: 
050 
to a 0 0,0 
0 0 0 SAH SAL 
AX 
AY 
5 
(6x+l0)y+12 


SCPY 
Selectrve 
Copy 
0 
1 
1 
1 .S 
I 
DSO 
,0 0 0 0 ,0 0: MM SAH SAL 
AX 
AY 
5 
16x+l0Iy+12 


AMOVE 
Ab.,lute 
Move 
1 0 
0 o 0 
0 ,0 
0.0 
0 
0 0.0 
0 
0 
0 
X 
Y 
3 
56 
RMOVE 
Rel.tive 
Move 
t 
0 0 o 10 
1 10 0·0 
0 0 0 ,0 0 0 0 
dX 
dY 
3 
56 
ALINE 
Absolute 
Line 
1 0 0 
0,1 
0'0 
0' 
AREA:COL;OPM 
x 
Y 
3 
poL+18 


RLiNE 
Ret.tive 
Line 
t 
0 0 o 
1 
1 ·0 
O· 
AREA:COL'OPM 
dX 
dY 
3 
P'L+18 
ARCT 
Ablolute 
Rect,Mle 
1 0 0 
1 :0 
0,0 
0' 
AREA:COL:OPM 
X 
Y 
3 
2PIA+8)+54 


RRCT 
Relative 
Rect.ngle 
1 0 0 
1 ~O 1 ,0 
O' 
AREA:COL:OPM 
dX 
dY 
3 
2P1A+81+54 


APLL 
Absolute 
Polyline 
1 0 0 
1 '1 
0·0 
0' 
AREA:COL,OPM 
n 
Xl, 
VI, 
.. 
Xn. 
Vn 
2n+2 
~(P-L+16J+8 


RPLL 
Relative 
Polyline 
1 0 0 '" 


1 '0 
O' 
AREA:COL:OPM 
n 
dXl, 
dVl 
.. 
dXn, 
dVn 
2n+2 
~IP'L+16J+8 


APLG 
Absolute 
Polvaon 
1 0 
1 0'00.00' 
AREA:COLiOPM 
n 
Xl, 
VI ... 
Xn, 
Vn 
2n+2 
I[P' 
L+161 
+p. Lo+20 


RPLC 
Relative 
Polygon 
1 0 
1 0,0 
1 '0 
0: 
AREA:COL:OPM 
n 
dXl. 
dVl 
.... dXn. 
dVn 
2n+2 
~ (p. L+16J +p. Lo+20 


Gr.phic 
CRCL 
Circle 
1 0 
1 0'1 
o 'O'C' 
AREA:COL,OPM 
, 
2 
8d+66 


Comm.nd 
ELPS 
Ellipse 
1 0 
1 o 
1 
1 'O'C; 
AREA'COL:OPM 
• 
b 
dX 
4 
IOd+90 


AARC 
Abmlute 
Arc 
1 0 
1 1 ·0 
o 
'OIC' 
AREA:COL'OPM 
Xc 
Yc 
Xe 
Ye 
5 
8d+18 


RARC 
Rel.tive 
Arc 
1 0 
1 1 '0 
1 
IOIC, 
AREA:COL:OPM 
dXc 
dYe 
dXe 
dYe 
5 
8d+18 


AEARC 
Abmlute 
Ellipse 
Arc 
1 0 
1 
1'1 
o 'O.C' 
AREA:COL:OPM 
• 
b 
Xc 
Yc 
Xe 
Ye 
7 
1Od+96 


REARC 
Relative 
Ellipse 
Arc 
1 0 
1 
1,1 
1 'o'c' 
AREA:COL:OPM · 


b 
dXc 
dYe 
dXe 
dYe 
7 
1Od+96 


AFRCT 
Absolute 
Filled 
Rectanale 
1 1 0 
0,0 
0'0 
0' 
AREA' COL,OPM 
X 
Y 
3 
IP-A+818+18 


RFRCT 
Relative 
Filled 
Reetanale 
1 
1 0 0:0 
1 .0 
0' 
AREA:COL:OPM 
dX 
dY 
3 
(P-A+818+18 


PAINT 
p.int 
1 1 0 o 
1 0'0, 
E' 
AREA: 0 
0:0 
0 
0 
1 
118A+l0218-58 
"21 


DOT 
Dot 
1 1 0 0'1 
1 '0 
0: 
AREA: COL, OPM 
1 
8 


PTN 
p.ttern 
1 
1 0 
1 ISL: 
SO 
AREA: COL: OPM 
SZ 
2 
(P'A+l0IB+20 


AGCPY 
Absolute 
Gr.phic 
Copy 
1 
1 1 0'5 
:050 
AREA·O 
O:OPM 
X, 
Y, 
OX 
OY 
5 
{(P+21A+l018+70 


RGCPY 
Relative 
Gr.ohic 
CODY 
1 1 
1 
1 '5 
: 050 
AREA' 0 0 OPM 
dX, 
dY, 
OX 
OY 
5 
{(P+2IA+l018+70 


Note -1) 
Unit of operation 
cycle is 2 clock cycle (2ClK) 
Note -2) 
Operation 
cyc"leof PAINT is variable. The operation 
cycle on table 2 is applicable to rectangular 
figures. 
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(a) Register Access Command 
RN 
Register number of the drawmg parameter register ($0-$13) 


PRA 
Pattern RAM address at which Read/Write operation starts ($O·$F) 
DPH 
Drawing pointer register High word (figure 32(a)) 
DPL 
Drawing pointer register Low word (figure 32(a)) 


oPAH : Higher 8 bits of DraWingPOinter address 
OPAL: LOlNer12 bits of Dra.....,ngPomter address 
OPO : Dot position in the memory address 


0, OJ, 
, On; Write data 


: Number of Read/Write data 


( 1 I 
: Round up 


(b) Data Transfer Command 
MM 
Modify mode (oescriplion 
on page 36) 
S 
Source scan direction 
(Table 2·3) 


DSD 
Destination 
scan direction 
(Table 2·4) 


X, XI, 
... 
, Xn 


Y, Yl, 
., 
Yn 


dX 


dY 


dX I, ... 
, dXn 
dYI, 
, dYn 


r 
a, b 


OX 


oY 


Xc 


Yc 
dXc 


dYe 


Xe 


Ye 
dXe 
dYe 


Xs 


Ys 
dXs 


dYs 


P 
L, La 


d 


A 


B 


52 


AX 
: Number of word in X·allisdirection-l 


AY 
: Number of word in V·allisdirection-l 


o 
: Write data 


SAH : Source Start Address High word 
(figure 32(b)) 
SAL : Source Start Address Low word 
(figure 32b)) 


: Number of word in X·axisdirection 
: Number of word in Y·axisdirection 
: Roundingup 


(c) Graphic Drawing Command 
AREA 
Area mode (Description 
on page 38) 
COL 
Color mode (Description on page 38) 


OPM 
Operation mode (Description 
on page 36) 


C 
Circling direction 
(Table 2·5) 
E 
Definition of edge color (Table 2·6) 
5L 
5lanl (Table 2·7) 
SO 
Scan direction 
(Table 2·7) 


S 
Source scan direction 
(Table 2·8) 


DSD 
Destination scan direction 
(Table 2·9) 


: Absolute X-address 
from the origin point 


: Absolute v- address from the origin point 
: Relative X-address 
fr am the current 
pointer 


: Relative V-address 
from the current 
pointer 


: Number of nodes 
: Relative X-address from each node 
: Relative V-address from each node 


: Dot number on radius 
: Ratio of squared dX and dY of ellips a:b= (dX)':(dYI' 
: X-direction dot number 
: V-direction dot number 
: Absolute X'address 
of the center 
point of arc/ellipse 


: Absolute V-address of the center 
point of arc/ellipse· 
: Relative X-address from the current 
pointer 
to the center 
point of arc/ellipse 


: Relative V-address from the current 
pointer 
to the center 
point of arc/ellipse 


: Absolute 
X-address of the end point of arc/ellipse 


: Absolute 
Y'address 
of the end point of arc/ellipse 


: Relative 
X-address from the current 
pointer 
to the end point of arc/ellipse 


: Relative 
V-address from the current 
pointer 
to the end point of arc/ellipse 


: Absolute X-address of the start dot position in source area 
: Absolute V-address of the start 
dot position in source area 


: Relative 
X-address from the current 
pointer to the start 
dot 
position 
in source 
area 


: Relative 
V-address 
from the current 
pointer 
to 
the start dot position in source area 


: Operation cycles p=4 
cycles al OPM=OOO-Oll, 
p=6 
cycles al OPM= 
lOO-lll 


: Dot number on straight 
line 


: Total dot number 
: Scan main direction 
dot number 
: Scan sub direction 
dot number 


Pattern Size: Sly, SZx 


15 14 13 12 II 10 9 
8 
7 


ION 
1010101010101 


OPAL 


6543210 


OPAH 
I 


OPO 
. 


ON 
Screen 
No. 


00 
Upper Screen 
01 
Base Screen 
10 
Lower Screen 
II 
WindowScreen 
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oso_ooo 
OSO 
001 
OSO 
010 
OSO 
all 
OSO_l00 
OSO~IOI 
OSO 
110 
OSO 
III 
0 
0 


~ 
ED 
~ 
EB lEJo rrr otIl 
0Bj 


0 
0 


•. 
Read 
Write 
pointer 
start.point 


D : Read 
Write 
pointer 
endpoint 


SAH and SAL 


15 14 13 12 11 10 9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


SAH I 0 I 0 I 0 10 I 0 I 0 I 0 10 I 
(SAH) 
I 


SAL 
(SAL) 
I 0 10 [ 0 I 0 


C 
Direction 
o 
Counterclockwise 
1 
Clockwise 


E 
Definition 


o 
Edge 
color 
is defined 
by the 
data 
in the 
edge 
color 
register. 


1 
Edge 
color 
is defined 
by the 
data 
excluding 
the 
above. 


~ 
000 
001 
010 
011 
100 
101 
110 
III 


0 tJ .~ s ~ 
IT! ~>rr:=J ~ 


1 ff 
~ 
.~ ~ 
47 
~ 
~. ~ 


I r=li I.:sou,co..e."artdo' 
C-U 
posItIon 


____ 
0: source 
area end dot position 


161m IBJI_m LE11lBoioB 
loEliI.:cu"eo'ooin, ....artooint 
. 
" 
, 
,0 
'): ::urrent pointer 
end polnt 
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• 
REGISTER ACCESS COMMANDS 
Registers associated with 
the 
Drawing 
processor (Pattern 
RAM 
and Drawing 
Parameter Registers) are accessed through 
the read and write FIFOs using the Register Access Commands. 


• 
DATA TRANSFER COMMANDS 
Data Transfer Commands are used to move blocks of data be- 


tween the MPU system memory and the ACRTC 
frame buffer 


or within the frame buffer itself. Before issuing these commands, 
a physical 20 bit frame buffer address must be specified in the 
RWP (Read Write Pointer) Drawing Parameter Register. 


Command 
Function 


ORG 
Initialize the relation between the origin point 
in the X-Y coordinates and the physical 
address. 


WPR 
Write into the parameter register 


RPR 
Read the parameter register 


WPTN 
Write into the pattern RAM 


RPTN 
Read the pattern RAM 


Command 
Function 


ORO 
Transfer data. by DMA transfer. from the frame buffer to the MPU system memory. 


DWT 
Transfer data. by DMA transfer. from the MPU system memory to the frame buffer. 


DMOD 
Transfer data. by DMA transfer. from the MPU system to the frame buffer subject to logical modification 
(bit 


maskablel. 


RD 
Read one word of data from the frame buffer specified by the read/write pointer (RWPl, and load the word 
into Read FIFO. 


WT 
Write one word of data to the frame buffer specified by the read/write pointer (RWPl. 


MOD 
Perform logical operation on one word in the frame buffer specified by the read/write pointer (RWPI (bit 
maskablel. 


CLR 
Clear a rectangular area of the frame buffer with a data in the command parameter. 


SCLR 
Initialize a rectangular area of the frame buffer with I-word 
data subject to logical operation (bit maskablel. 


CPY 
Copy frame buffer data from one area (source area) to another area (destination area) specified by the read/ 
write pointer (RWPI. 


SCpy 
Copy frame buffer data from one area (source area) to another area (destination area) subject to logical 
modification by word. The source and destination areas must reside on the same screen (bit maskablel. 


Operation Code 
Parameter 


15 
8 
2 
0 
15 
0 
I Command Code 
10 0 0 0 0 o~ 
l------p-a-ra-m-et-e-r------I 


15 
0 
,----, 
. 
Parameter 
---------------~ 


Modify 
Mode 
The DMOD, 
MOD, 
SCLR and SCPY commands allow 4 


types of bit level logical operations to be applied to frame buffer 
data. The modify mode is encoded in the lower two bits (MM) 
of 


these op-codes. The bit positions within each frame buffer word 
to be modified are selectable using the mask register (MASK). 
Bits set to 
I are modifiable, 
ones to 0 are masked and not 
modifiable. 


MM 
Modify Mode 


0 
0 
REPLACEframe buffer data with command 
parameter data. 


0 
1 
OR frame buffer data with command parameter 
data and rewirte to the frame buffer. 


1 
0 
AND frame buffer data with command parameter 
data and rewrite to the frame buffer. 


1 
1 
EORframe buffer data with command parameter 
data and rewrite to the frame buffer. 
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• 
GRAPHIC DRAWING 
COMMANDS 
The ACRTC has 23 graphic drawing commands 
(table 5-1). 


Graphic drawing is performed by modifying the contents of the 
frame buffer based upon microcoded drawing algorithms in the 
ACRTC drawing processor. 
Most coordinate parameters for graphic drawing commands 
are specified using logical pixel X-Y addressing. The complex 
task of translating a logical pixel address to a linear frame buffer 
word address, and further selecting the appropriate sub-field of 
the word (for example, a given logical pixel in 4 bits per logical 
pixel mode might reside in bits 8-11 of a frame buffer word) is 
performed at high speed by ACRTC hardware. 
Many instructions allow specification of X-Y coordinates with 


either absolute or relative X-Y coordinates 
(e.g. ALINE and 
RLINE). In both cases, two's complement numbers are used to 
represent positive and negative values. 
(a) Absolute Coordinate Specification 
The screen address (X, y) is specified in units of logical pix- 
els relative to an origin point defined with the ORG com- 
mand (figure 34). 


(b) Relative Coordinate Specification 
The screen address (dX,dY) is specified in units of logical 
pixels relative to the current drawing pointer (CP) position 
(figure 35). 


A graphic drawing command consists of a I6-bit op-code and 
optionally 0 to 64k I6-bit parameters. 


The I6-bit op-code consists of an 8-bit command code, an 


AREA Mode specifier (3 bits), a Color Mode specifier (2 bits) 
and an Operation Mode specifier (3 bits). 
The Area Mode allows versatile clipping and hitting detection. 
A drawing area can be defined, and should drawing operations 
attempt to enter or leave that area, a number of programmable 
actions can be taken by the ACRTC. 
The Color Mode determines 
whether the Pattern RAM is 
used indirectly to select Color Registers or is directly used as the 
color information. 
The Operation Mode defines one of eight logical operations to 
be performed between the frame buffer read data and the color 
data in the Pattern RAM to determine the drawing data to be re- 
written into the frame buffer. 


y -------~)(!y) 


I 


I 
! 
Origin 


CP (x.:y) 


I: 
! 
Origin 
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Command 
Function 


AMOVE 
Move the Current Pointer (CP) to an absolute logical pixel X-Y address. 


RMOVE 
Move the Current Pointer (CP) to a relative logical pixel X-Y address. 


ALINE 
Draw a straight line from the Current Pointer (CP) to a command specified end point of the absolute 


coordinates. 


RLiNE 
Draw a straight line from the Current Pointer (CP) to a command specified end point of the relative 


coordinates. 


ARCT 
Draw a rectangle defined by the Current Pointer (CP) and a command specified diagonal point of the absolute 


coordinates. 


RRCT 
Draw a rectangle defined by the Current Pointer (CP) and a command specified diagonal point of the relative 


coordinates. 


APLL 
Draw a polyline (multiple contiguous segments) from the Current Pointer (CP) through command specified 
points of the absolute coordinates. 


RPLL 
Draw a polyline (multiple contiguous segments) from the Current Pointer (CP) through command specified 
points of the relative coordinates. 


APLG 
Draw a polygon which connects the start pointer (CP) and command specified points of the absolute 
coordinates. 


RPLG 
Draw a polygon which connects the start pointer (CP) and command specified points of the relative 
coordinates. 


CRCL 
Draw a circle of the radius R placing the Current Pointer (CP) at the center. 


ELPS 
Draw a ellipse whose shape is specified by command parameters, placing the Current Pointer (CP) at the 
center. 


AARC 
Draw an arc by using the Current Pointer (CP) as a start point with an end point and a center point of the 
absolute 
coordinates. 


RARC 
Draw an arc by using the Current Pointer (CP) as a start point with an end point and a center point of the 
relative 
coordinates. 


AEARC 
Draw an ellipse arc by using the Current Pointer (CP) as a start point with an end point and a center point of 
the absolute coordinates. 


REARC 
Draw an ellipse arc by using the Current Pointer (CP) as a start point with an end point and a center point of 
the relative coordinates. 


AFRCT 
Paint a rectangular area specified by the Current Pointer (CP) and command parameters (absolute 
coordinates) according to a figure pattern stored in the Pattern RAM (Tiling). 


RFRCT 
Paint a rectangular area specified by the Current Point (CP) and command parameters (relative coordinates) 
according to a figure pattern stored in the Pattern RAM (Tiling). 


PAINT 
Paint a closed area surrounded by edge color using a figure pattern stored in the Pattern RAM (Tiling). 


DOT 
Mark a dot on the coordinates where the Current Point (CP) indicates. 


PTN 
Draw a graphic pattern defined in the Pattern RAM onto a rectangular area specified by the Current Pointer 
(CP) and by the pattern size (rotation angle: 45°). 


AGCPY 
Copy a rectangular area specified by the absolute coordinates to the address specified by the Current Pointer 
(CP) (rotation angle: 900/mirror turnover). 


RGCPY 
Copy a rectangular area specified by the relative coordinates to the address specified by the Current Pointer 
(CP) (rotation angle: 900/mirror turnover). 
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Operation Code 
Parameter 


15 
8 
7 
5 
4 
3 
2 
0 
15 
0 
I Command Code I~ 
I 
Parameter 
I 


15 
0 


I 
Parameter 
I 


Operation Mode 
The Operation 
Mode 
(OPM 
bits) 
of the Graphic 
Drawing 


Command specify the logical drawing condition. 


OPM 
Operation Mode 


0 
0 
0 
REPLACE: 
Replaces the frame buffer data with the color data. 


0 
0 
1 
OR: 
ORs the frame buffer data with the color data. The result is rewritten to the frame buffer. 


0 
1 
0 
AND: 
ANDs the frame buffer data with the color data. The result is rewritten to the frame buffer. 


0 
1 
1 
EOR: 
EORsthe frame buffer data with the color data. The result is rewritten to the frame buffer. 


1 
0 
0 
CONDITIONAL REPLACE(Read Data=CCMP): 
When the frame buffer data at the drawing position is equal to the comparison color (CCMP), the frame 
buffer data is replaced with the color data. 


1 
0 
1 
CONDITIONAL REPLACE(Read Data'FCCMP): 
When the frame buffer data at the drawing position is not equal to the comparison color (CCMP). the frame 
buffer data is replaced with the color data. 


1 
1 
0 
CONDITIONAL REPLACE(Read Data<CU: 
When the frame buffer data at the drawing position is less than the color register data (CU, the frame buffer 
data is replaced with the color data. 


1 
1 
1 
CONDITIONAL REPLACE (Read Data~Cll: 
When the frame buffer data at the drawing position is greater than or equal to the color register data (CU, 
the frame buffer data is replaced with the color data. 
Note) In case that the read data = Cl, and Cl is used for the color data to be drawn, replacement cannot be 
identified. because replaced data is the same color as the read data. 


Note 
1} The color data is generally the color register data (eU which is either CLO or ell 
selected bV the pattern pointer. But in case of COL= 
11. 


pattern RAM 
data directly becomes 
the color data. and in graphic copy commands 
(AGCPY 
and RGCPY). 
it is the source area data. 


NOt8 2} 
The same color should be set to both eLO and CL 1 (CLO= CL 1) when using a graphic copy command 
at OPM= 
11 0 or 111. 
or when using 
COl=ll 
at OPM=110 
or 111. 
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Color Mode 
The Color Mode (COL bits) specifies the source of the draw- 


ing color data as directly or indirectly (using the Color Registers) 
determined by the contents of the Pattern RAM. 


COl 
Color Mode 


0 
0 
When Pattern RAM data = O. Color Register 0 is 


used. 
When Pattern RAM data = 1. Color Register 1 is 
used. 


0 
1 
When Pattern RAM data = O. drawing is 
suppressed. 
When Pattern RAM data = 1. Color Register 1 is 
used. 


1 
0 
When Pattern RAM data = O. Color Register 0 is 
used. 
When Pattern RAM data = 1. drawing is 
suppressed. 


1 
1 
Pattern RAM contents are directly used as color 
data. 
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The 
Color 
Mode 
chooses 
the 
source 
for 
color 
information 
based 
on the contents 
(0 or I) of a particular 
bit in the 
16 bit by 
16 bit (32 byte) 
Pattern 
RAM. 
A sub-pattern 
is specified 
by pro- 
gramming 
the 
Pattern 
RAM 
Control 
Register 
(PRC) 
with 
the 


Pattern 
RAM (16 x 16 bits) 


o 
(PPX, PPY) 


Figure 38 
Pattern 
RAM 


start 
(PSX, 
PSY) 
and 
end 
(PEX, 
PEY) 
points 
which 
define 
the 
diagonal 
of the sub-pattern. 
Furthermore, 
a specific 
starting 
point 


for Pattern 
RAM 
scanning 
is specified 
by PPX and PPY. 


Normally, 
the 
color 
register 
(CLO or CLl) 
should 
be loaded 


with 
one 
color 
data 
based 
on the 
number 
of bits per pixel. 
For 
example, 
if 4 bits/pixel 
are 
used, 
the 
4 bit color 
pattern 
(e.g. 
000 I) should 
be repeated 
four times 
in the color register, 
i.e. 


In this 
way, 
color 
changes 
due 
to changing 
dot 
address 
are 


avoided. 


AREA 
Drawing 
Area Mode 


0 
0 
0 
Drawing 
is executed 
without 
Area checking. 


0 
0 
1 
When 
attempting 
to exit the Area, drawing 
is 
stopped 
after 
setting 
ABT (Abort 
Bit). 


0 
1 
0 
Drawing 
suppressed 
outside 
the Area 
(Drawing 
operation 
continues 
and the ARD flag is not set 
outside 
the Area). 


0 
1 
1 
Drawing 
suppressed 
outside 
the Area 
(Drawing 
operation 
continues 
and the ARD flag is set at 
every 
drawing 
operation 
outside 
the Area). 


1 
0 
0 
Same 
as AREA = 0 0 O. 


1 
0 
1 
When 
attempting 
to enter 
the Area, drawing 
is 
stopped 
after 
setting 
ABT (Abort 
Bit). 


1 
1 
0 
Drawing 
suppressed 
inside 
the Area 
(Drawing 
operation 
continues 
and the ARD flag is not set 


inside 
the Area). 


1 
1 
1 
Drawing 
suppressed 
inside the Area 
(Drawing 
operation 
continues 
and the ARD flag is set at 
every 
drawing 
operation 
inside 
the Area). 


Area Mode 
Prior to drawing, 
a drawing 
area may be defined 
(Area 
Defini- 


tion 
Register). 
Then, 
during 
Graphics 
Drawing 
operation 
the 


ACRTC 
will check 
if the drawing 
point 
is attempting 
to enter 
or 


exit 
the 
defined 
drawing 
area. 
Based 
on eight 
Area 
Modes, 
the 


ACR TC will take appropriate 
action 
for clipping 
or hitting . 


• 
SYSTEM 
INTERFACE 
• 
BASIC CLOCK 
The 
ACRTC 
basic 
clock is 2CLK. 
2CLK 
controls 
all primary 


ACRTC 
display 
and logic timing 
parameters. 


2CLK, 
along 
with the specification 
of number 
of bits per logi- 
cal pixel, 
the Graphic 
Address 
Increment 
mode, 
and 
the Display 


Access 
mode, 
also determines 
the video data rate. 
The 
basic clock must 
be input 
with its cycle, max. and min. 
of 
"High" 
and 
"Low" 
level 
width 
as 
shown 
in the 
AC 
charac- 


teristics. 


In any case, 
be careful 
not to stop 
the 
basic clock, 
fixing 
it at 
"High", 
"Low", 
or open, 
which 
can destroy 
the LSI. 


• 
CRT INTERFACE 
Frame Buffer Access 
(I) 
Access 
Modes 
The 
three 
ACRTC 
display 
memory 
access 
modes 
are 
Single, 


Interleaved 
and Superimposed. 


(a) 
Single Access 
Mode 
A 
display 
(or 
drawing) 
cycle 
is defined 
as 
two 
cycles 
of 


2CLK. 
During 
the first 2CLK 
cycle, the frame 
buffer 
display 


or drawing 
address 
is output. 
During 
the 
second 
2CLK 
cy- 


cle, 
the 
frame 
buffer 
data 
is 
read 
(display 
cycles 
and/or 


drawing 
cycles) 
or written 
(drawing 
cycles). 


In this 
mode, 
display 
and 
drawing 
cycles contend 
for access 


to the 
frame 
buffer. 
The 
ACRTC 
allows 
the 
priority 
to be 


defined 
as display 
priority 
or drawing 
priority. 
If display 
has 


priority, 
drawing 
cycles 
are 
only 
allowed 
to 
occur 
during 


horizontal/vertical 
flyback 
period. 
So, a 'flashless' 
display 
is 


obtained 
at the 
expense 
of slower 
drawing. 
If drawing 
has 


priority, 
drawing 
may 
occur 
during 
display, 
so 
high 
speed 


drawing 
is obtained. 
However 
the display 
may flash. 


(b) 
Interleaved 
Access 
Mode 
(Dual 
Access 
Mode 
0) 


In 
this 
mode, 
display 
cycles 
and 
drawing 
cycles 
are 
inter- 


leaved. 
A display/drawing 
cycle is defined 
as four 
cycles 
of 


2CLK. 
During 
the first 2CLK 
cycle, the frame 
buffer 
display 


address 
is output. 
During 
the 
second 
2CLK 
cycle, 
the 
dis- 


play 
data 
is read 
from 
the 
frame 
buffer. 
During 
the 
third 


2CLK 
cycle, 
the 
frame 
buffer 
drawing 
address 
is output. 


During 
the 
fourth 
2CLK 
cycle, 
the 
drawing 
data 
is read 
or 


written. 
Since there 
is no contention 
between 
display 
and drawing 
cy- 


cles, 
a 'flashless' 
display 
is obtained 
while 
maintaining 
full 


drawing 
speed. 
However, 
for 
a given 
configuration, 
frame 


buffer 
memory 
access 
time 
must 
be 
twice 
as 
fast 
as 
an 


equivalent 
Single 
Access 
Mode 
configuration. 


(c) 
Superimposed 
Access 
Mode 
(Dual 
Access 
Mode 
I) 


In this 
mode, 
two separate 
logical screens 
are accessed 
dur- 


ing each 
display 
cycle. The 
display 
cycle 
is defined 
as four 


2CLK 
cycles. 
During 
the 
first 
2CLK 
cycle, 
the 
Background 


(Upper, 
Base, or Lower) 
screen 
frame 
buffer 
address 
is out- 


put. 
During 
the 
second 
2CLK 
cycle, 
the 
Background 
screen 


display 
data 
is read. 
During 
the 
third 
2CLK 
cycle, 
the 
win- 


dow screen 
frame 
buffer 
address 
or the drawing 
frame 
buffer 
address 
is output. 
During 
the 
fourth 
2CLK 
cycle, 
the 
win- 


dow screen 
display 
or drawing 
data 
is read 
(display 
or draw- 


ing) or written 
(drawing). 
Note 
that 
the third 
and fourth 
cy- 
cles can 
be used 
for drawing 
(similar 
to Interleaved 
mode) 


when 
these 
cycles are not used 
for Window 
display. 
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Superimposed Access Mode Timing 


Notel Figure 42 shows the timing when 
display has priority, and no drawing 
is done. Broken lines indicate 
that when drawing is performed. 
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(2) Graphic Address Increment Mode (GAl) 
During display operation, the ACRTC can be programmed to 
control the graphic display address in seven ways including incre- 
ment by I, 2, 4, 8 and 16' words, I word every two display cy- 
cles and no increment. 


Setting GAl to increment by 2, 4, 8 or 16 words per display 
cycle achieves linear increases in the video data rate Le. for a 
given configuration 
setting GAl to 2, 4, 8 or 16 words will 


achieve 2, 4, 8 or 16times the video data rate corresponding to 
GAl = 1. This allows increasing the number of bits/logical pixel 
and logical pixel resolution while meeting the 2CLK maximum 
frequency constraint. 


Table 6 shows the summary relationship between 2CLK, Dis- 


play Access Mode, Graphic Address Increment, number of bits/ 
logicalpixel, memory access time and video data rate. The frame 
butTer cycle frequency (Fe) is shown by the following equation 
where: 
Fv 
N 
D 


Dot Clock 
Number of bits/logicalpixel 
Display Access Mode 
I for Single Access Mode 
2 for Interleaved and Superimposed Access Modes 
GraphicAddressIncrement(1/2, 1, 2, 4, 8, 16) 
(Fv X N X D)/(A 
X 
16) 


----......-.... 
Dot Rate 
16 MHz 
32 MHz 
64 MHz 
12S MHz 


~ 


Number of 
SA 
DA 
SA 
DA 
SA 
DA 
SA 
DA 


Sits/Pixel 
Memory eyc 
250 ns 
- 
+1/2 
+1/2 
+1 
+1 
+2 
+2 
+4 
1 
500 ns 
+ 1/2 
+1 
+1 
+2 
+2 
+4 
+4 
+S 


250 ns 
+1/2 
+1 
+1 
+2 
+2 
+4 
+4 
+S 
2 
500 ns 
+1 
+2 
+2 
+4 
+4 
+S 
+S 
+16' 
250 ns 
+1 
+2 
+2 
+4 
+4 
+S 
+S 
+16' 
4 
500 ns 
+2 
+4 
+4 
+S 
+S 
+16' 
+16' 
- 


250 ns 
+2 
+4 
+4 
+S 
+S 
+16' 
+16' 
S 
500 ns 
+4 
+S 
+S 
+16' 
+16' 
- 
- 
- 


250 ns 
+4 
+S 
+S 
+16' 
+16' 
16 
500 ns 
+S 
+16' 
+16' 
- 
- 
- 
- 
- 


Dynamic RAM Refresh 


When dynamic RAMs (DRAMs) are used for the frame 
butTer memory, the ACRTC can automatically provide DRAM 
refresh addressing. 


The ACRTC maintains an 8 bit DRAM refresh counter which 


is decremented on each frame butTer access. During ~ 
low, the ACRTC will output the sequential refresh addresses on 
MAD. The refresh address assignment depends on Graphic Ad- 
dress Increment (GAl) mode as shown in Table 7. 
The ACRTC provides "0" output on the remaining address 
line of MAD and MA/RA. 
DRAM refresh cycle timing must be factored into the deter- 
mination of HSYNC low pulse width (HSW - 
specified in units 
of frame bulTermemory cycles). 
If the horizontal scan rate is Fh (kHz), number of DRAM re- 


fresh cycles is N and the DRAM refresh cycle time is Tr (msec) 
then horizontal sync width (HSW) is specified by the following 
equation: 


HSW ~ N / (Tr X Fh) 
For example, if the scan rate is 15.75 kHz and the DRAMS 


have 128 refresh cycles of 2 ms, HSW must be greater than or 
equal to 5. 


HSW ~ 128/ (2 X 15.75) = 4.06 


Graphic Address 
Refresh Address Output 


Increment Mode 
Terminal 


+0IGAI=101) 
MADo-MAD7 


+ 1 IGAI=OOO) 
MADo-MAD7 


+ 2 IGAI=OO1) 
MAD,-MAD. 


+4IGAI=010) 
MAD,-MAD. 


+S (GAI=011) 
MAD3-MAD,o 
+ 16 IGAI=100)' 
MAD.-MAD" 


+ 1/2 IGAI=111) 
MADo-MAD7 
110 
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2CLK 


DiSP 


~ 


MAD 


MA/RA 
A 


RA 4 


CHR 


'5""RAW 
"High" 


MRD 
"High" 


External Synchronization 


The ACRTC EXSYNC pin allows synchronization of multiple 


ACRTCs or other video signal generators. The ACRTC may be 
programmed as a single Master device, or as one of a number of 
Slave devices. 
~nchronize 
multiple ACRTCs, 
simply connect all the 


EXSYNC pins together. 
For synchronizing 
to other 
video signals, the 
connection 


scheme 
depends 
on the raster scan mode. 
In Non-Interlace 


mode, EXSYNC corresponds to VSYNC. In Interlace modes, 
EXSYNC corresponds to VSYNC of the odd field. 
Note I) The ACRTC performs the synchronization every time it 


accepts the pulse input from EXSYNC in the slave 
mode. 
It is recommended 
that the synchronous pulse should 


be input from EXSYNC only when the synchronization 
gap between the synchronous signal of the master de- 
vice and that of ACRTC in the slave mode (HSYNC 
and VSYNC are output also in the slave mode.). 


Note 2) The ACRTC needs to be controlled not to draw during 


EXSYNC input. 


~ 
2CLK 


ACRTC 


-. 2CLK 
(slave) 


EXSYNC 


ACRTC 
(Master) 


EXSYNC 


L.. 2CLK 


ACRTC 
(slave) 


EXSYNC 


• 
MPU INTERFACE 
MPU Bus Cycle 
The ACRTC interfaces to the MPU as an 8 or 16 bit periph- 


eral as configured during RES. 
An MPU bus cycle is initiated when CS is asserted (following 


the assertion of RS and R/W). The ACRTC responds to CS low 
by asserting DTACK low to complete the data transfer. DTACK 
will be returned to the MPU in between I and 1.5 2CLK cycles. 


MPU WAIT states will be added in the following two cases. 


(a) If the ACRTC 2CLK input is much slower than the MPU 


clock, continuous ACRTC accesses may be delayed due to 
internal processing of the previous bus cycle. 
Note) (;S "High" 
width must not be less than two 2CLK 
cycles. 


(b) If a read cycle immediately follows a write cycle, aWAIT 


state may occur due to ACRTC preparation for bus 'turn- 
around'. 
However, 
MPUs 
(for example 
68(00) 
normally 


have no instruction which lets a read cycle follow a write cy- 
cle immediately. 


For connection to synchronous bus interface MPUs, DTACK 


can simply be left open assuming the system design guarantees 
that WAIT states cannot occur as described above. If WAIT 
states may occur, DTACK can be used with external logic to 
synthesize a READY signal. 


DMA Transfer 
The ACRTC can interface with an external DMA controller 


using three handshake signals, DMA Request 
(DREQ), 
DMA 


Acknowledge (DACK) and DMA Done (DONE). 


The ACRTC uses the external DMAC for two types of trans- 


fers, Command/Parameter 
DMA 
and Data 
DMA. 
For 
both 


types, DMA transfers use the ACRTC read and write FIFOs. 


(I) 
Command/Parameter 
DMA 


The MPU initiates this mode by selling bit 12 (CDM) in the 


ACRTC Command Control Register to I. Then, the ACRTC will. 
automatically request DMA transfer for commands and their as- 
sociated parameters as long the write FIFO has space. Only cycle 
steal request mode (DREQ pulses low for each data transfer) can 
be used. Command/Parameter 
DMA is terminated 
when the 


MPU resets bit 12 in CCR to 0 or the external DONE input is 
asserted. 


(2) Data DMA 
Data DMA is used to move data between the MPU system 
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memory and the ACRTC frame butTer. 


The MPU sets-up the transfer by specifying the frame butTer 


transfer address (and other parameters of the transfer, such as 
'on-the fly' logical operations) to the ACRTC. Next, when the 
MPU issues a Data Transfer Command 
to the ACRTC, 
the 
ACRTC will request DMA transfer to and from system memory. 
The ACRTC will request DMA, automatically monitoring FIFO 
status, until the DMA Transfer Command is completed. 
Data DMA request mode can be cycle steal (as in Commandl 


Parameter DMA) or burst mode in which DREQ is a low level 
control output to the DMAC which allows multiple data transfers 
during each acquisition of the MPU bus. 


Interrupts 
The ACRTC recognizes eight separate conditions which can 


generate an interrupt including command error detection, com- 
mand end, drawing edge detection, light pen strobe and four 
FIFO status conditions. Each condition has an associated mask 
bit for enabling/disabling the associated interrupt. The ACRTC 
removes the interrupt request when the MPU performs appropri- 
ate interrupt service by reading or writing to the ACRTC. 


• 
DISPLAY FUNCTION 
• 
SCREEN DISPLAY CONTROL 


Logical Display Screens 


The ACRTC allows division of the frame butTer into four 
separate logical screens. 


Screen Number 
Screen Name 
Screen Group Name 


o 
Upper ScreenJ- 


I 
Base Screen 
Background Screens 
2 
Lower Screen 


3 
Window Screen 


In the simplest case, only the Base screen parameters must be 
defined. Other screens may be selectively enabled, disabled and 
blanked under software control. 


The Background (Upper, Base and Lower) screens partition 


the display into three horizontal splits whose positions are fully 


programmable. A typical application might use the Base screen 
for the bulk of user interaction, using the Lower screen for a 
'status line(s)' and the Upper screen for 'pull-down menu(s)'. 


The Window screen is unique, since the ACRTC usually gives 


the 
Window screen higher priority than 
Background screens. 


Thus, when the Window, whose size and position is fully pro- 
grammable, overlaps a Background screen, the Window screen is 
displayed. The exception is the ACRTC Superimposed 
Access 


Mode, in which the Window has the same display priority as 
Background screens. In this case, the Window and Background 
screen are 'superimposed' 
on the display. 


Upper 


Base 
Window 


Lower 


IWindow I 


Lower 


Lower 


Window 


Frame Memory Setup 
The 
ACRTC 
can have 
two types of independent 
frame 


memories, 2M byte frame butTer and 128k byte refresh memory, 
and CHR signal controls which memory to be accessed. 


For the frame memory, memory width is defined by setting 


up Memory 
Width 
Register 
(MWR), 
and 
horizontal 
display 
width is independently 
defined by Horizontal Display Register 
(HDR). 
Therefore 
the frame 
memory 
area can be specified 
bigger than display area as shown in Figure 46. 


Start Address 


---' 


Display Screen Area 


......... 


Frame Image 


Vertical 
Display 


]dth 


Horizontal 
Display Width 


~HITACHI 
Hitachi America Ltd.• 
2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 


Display Control 
Figure 47 shows the relation 
between the frame memory 
and 


the display screens. 


Each screen has its own memory 
width, 
start address, vertical 


display 
width, 
and 
attribution 
of 
frame 
memory 
(character/ 


graphic), 
and those are specified by the control 
registers. 


Frame Buffer 
for Character 
0000 
------------- 


FFFF L..-_--J. 


..•..•...•....•••.•...••.... 


Frame Buffer 
for Graphic 
0סס oo 


Defined 
Frame Buffer 
--------MWO 


p----------- 
---------..., 
i File Name: MOS 
: 


, 
, 
1..._- 
-' 


;:.:J- - - - - -- 
--- 
-- 
- -------, 
: Left 
: Layout 
: 
: Right 
: Symbol 
: 
t 
J 


,. ------------; 
, 
, 
d~ 
, 
I 
l 
J 
m i~~ 
~ 
,. 
c:::::::::---- • 
: 
________________ 
L 
_ 


Left 
: Layout 


Right 
: 
Symbol 
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Figure 
48 shows 
the relation 
between 
the control 
registers 
and 


the 
display 
screens. 
Registers 
for horizontal 
display 
control 
are 
set 
in units 
of memory 
cycles. 
and 
registers 
for vertical 
display 


control 
are set in units 
of rasters. 


Note 
a display 
width 
specified 
by * marked 
register 
is: 


(Display 
width) = (Setup 
value) + 1 memory 
cycles 


I 
I 


"' I, 


I, 
I, 


I 


i il 
~ 
q 


I 
I 
I 


HSW 
'HDS 
:. 


I 
I 


HSYNC-i 


, 


I 


r-----i-------+------+-- 
----- 


Display Screen Period 
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Horizonta' Sequence 


Memory 
Cycle 


VertK:.1 
Disp~y 
St.rt 


VDS+t 


IHC+l)·M 
HOfizont.1 
Cycle 


Spilt Scr •• n 
o Vertlc.l 
Oispl.y 
Width 
SPO·H 
·1· 
Verticil 
Window 
Width 


Vertical 
Sync Width 


VSW+I 


VC·H 


Venic.l 
Cycle 


Graphic/Character 
Address Spaces 


The ACRTC controls two separate logical address spaces. The 


CHR pin allows external decoding if physically separate frame 
memories are desired. 
Each of the four logical screens 
(Upper, Base, Lower and 


Window) is programmed as residing in the Graphics address 
space or the Character address space. 


ACRTC accesses to Graphics screens are treated as bit map- 
ped using a 20 bit frame buffer address, with an address space of 
one megaword (J M by 16 bit). 
ACRTC accesses to Character screens are treated as character 
generator mapped. In this case, a 64k word address space is used 
and 5 bits of raster address are output to an external charact~r 
generator. 


Multiple logical screens defined as Character can be externally 


decoded to use separate character generators 
or different ad- 


dresses within a combined character generator. Also, each Char- 
acter screen may be defined with separate line spacing, separate 
cursors, etc. 


• 
CURSOR CONTROL 
The ACRTC has two Block Cursor Registers and a Graphic 
Cursor Register. 


1 F 
-- 
First Raster Address 


00 
lFAA) 


01 
02 


03 


04 


05 


06 


-----------07 


----------- 
08 
-- 
Last Raster Address 
L 


lLRA) 


Raster Address 


o 
0 
o 
0 
o 
0 
000000 
o 
0 
o 
0 
o 
0 


000000 
000000 
000000 
000000 
000000 
000000 


A Block cursor is used with Character screens. The cursor 
start and ending raster addresses are fully programmable. Also, 
the cursor width can be defined as one to eight memory cycles. 
A Graphic cursor is defined by specifying the start/end memo- 
ry cycle in the X dimension and the start/end 
raster in the Y 


dimension. 


The Graphic cursor can be output on character and Graphic 


screens. 
The ACRTC provides two separate cursor outputs, CUDI and 
CUD2. These are combined with two character cursor registers 
and a graphic cursor register to provide three cursor modes. 


(J) 
Block Mode 
Two Block cursors are output on CUD I and CUD2 respec- 
tively. 


(2) Graphic Mode 
The Graphic cursor is output on CUD 1. Using an external 
cursor pattern memory allows a graphic cursor of various 
shapes. Two Block cursors are multiplexed on CUD2. 


0) Crosshair Mode 
The horizontal and venical components of the Graphic cur- 
sor are output on CUD I and CUD2 respectively. This allows 
simple generation of a crosshair cursor control signal. 


HITACHI 


~ 
Cursor1 


ACRTI9 


~ 


1F 
000000 
00 
000000 
01 
000000 
02 
03 
-------04 


05 
-------06 


07 
08 
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Figure 53 
Graphic Cursor 
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CDD1 
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n~ 
;l 
n 
n 
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.r 
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• 
SCROLLING 
Vertical Scroll 


Each logical screen performs independent 
vertical scroll. On 


Character Screens, vertical smooth scroll is accomplished using 
the programmable 
Start Raster Address 
(SRA). Line by line 


scroll is accomplished by increasing or decreasing the screen start 
address by one unit of horizontal memory width. 


On Graphics screens, vertical smooth scroll is accomplished by 


increasing or decreasing the screen start address by one unit of 
horizontal memory width. 


Horizontal Scroll 
Horizontal scroll can be performed in units of characters for 


Character screens and units of words (multi logical pixels) for 
Graphic screens by inqeasing or decreasing the screen start ad- 
dress by I. 


For smooth horizonljll scroll. the ACRTC has dot shift video 


aUributes which can be used with an external circuit which condi- 
tions shift register load(docking. 
Since this dot shift information is output each raster, horizon- 


tal smooth sqoll is limited to either the Background screens or 
the 
Window screen at any' given time. However, 
horizontal 


smooth scroll is independent for each of the Background screens 
(Upper, Base, Lower). 
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SAR' 
- -i---------- 


iOD 
I 
I 
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EJ 


DISPI 
~~___________ 
.J 


DISP2 
-------- 


1 Display Cycle 
ID.i- f---I ••f'V'IB'•• f'V'f-- - ---; ••.f'V.[o...d- f---I ••i-I 


B 
Background Address 
Empty Cycle or Drawing 
Cycle 
W 
Window Address 


• 
RASTER SCAN MODES 
The ACRTC has three software selectable raster scan modes 
- 
Non-Interlace, Interlace Sync and Interlace Sync & Video. In 


Non-Interlace mode a frame consists of one field. In the Interlace 
modes, a frame consists of two fields, the even and odd fields. 
The Interlace modes allow increasing screen resolution while 
avoiding limits imposed by the CRT display device, such as 
maximum horizontal scan frequency or maximum video dot rate. 
Interlace Sync mode simply repeats each raster address for 
both the even and odd fields. This is useful for increasing the 


quality of a displayed figure when using an interlaced CRT device 
such as a Television Set with RF modulator. 


Interlace Sync & Video mode displays alternate even and odd 


rasters on alternate even and odd fields. For a given number of 
rasters/character, this mode allows twice as many characters to be 
displayed in the vertical direction as Non-Interlace mode. 


Note that for Interlace modes, the refresh frequency for a 


given dot on the screen is one-half that of the Non-Interlace 
mode. Interlace modes normally require the use of a CRT with a 
more persistent phosphor to avoid a flickering display. 


000 
0 


01 0 
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02 0 
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07-------- 
08-------- 
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• 
ZOOMING 
The 
ACRTC 
supports 
a zoom 
function 
for 
the 
Base 
screen 
(Screen 
O. Note 
that 
ACRTC 
zooming 
is performed 
by controll- 
ing 
the 
CRT 
timing 
signals. 
The 
contents 
of the 
frame 
buffer 
area being 
zoomed 
are not changed. 


The 
ACRTC 
allows specification 
of zoom 
factors 
(I to 16) in- 
dependently 
in the X and Y directions. 


For 
horizontal 
zoom, 
the 
programmed 
zoom 
factor 
is output 
as video 
attributes. 
An external 
circuit 
uses 
this factor 
to condi- 
tion 
the 
external 
shift 
register 
clock 
to 
accomplish 
horizontal 
zooming. 


For 
vertical 
zoom, 
no 
external 
circuit 
is 
required. 
The 
ACRTC 
will scan 
a single 
raster 
multiple 
times 
to 
accomplish 
vertical zooming. 


1x1 


~~ 


I 


3x1 
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• 
LIGHT PEN 
The ACRTC provides a 20 bit Light Pen Address Register 


and a Light Pen Strobe (LPSTB) input pin for connection with a 
light pen. 
A light pen strobe pulse will occur when the CRT electron 
beam passes under the light pen during display refresh. When 
this pulse occurs, the contents of the ACRTC display refresh ad- 
dress counter will be latched into the Light Pen Address Register 
along with a logical screen (Character or Graphic screen) desig- 
nator. Also, an ACRTC status flag indicating light pen activity is 
set, generating an optional (maskable) MPU interrupt. Note that 
for Superimposed access mode, when the light pen strobe occurs 
in an area in which the Window overlaps a Background screen, 
the Background screen address will be latched. And even for all 
access mode, the Drawing address willnever be latch. 
Various system and ACRTC delays will cause the latched ad- 
dress to ditTer slightly from the actual light pen position. The 
light pen address can be corrected using software, based upon 
system specific delays. Or, if the application does not require the 
highest light pen pointing resolution, software can 'bound' the 
light pen address by specifyinga range of values associated with a 
given area of the screen. 


• 
NOTES ON SYSTEM 
DESIGNING 
• 
GND IMPEDANCE 
Problem Description 
In case that load capacitance on frame memory address/data 
bus (MAD) and GND impedance are large, noise may occur on 
output signals especiallyat the followingtimings: 
I) Starting of address output on MAD.-MAD" 
(plus MA16/ 
RA.- MA1./RA,) 


2) MAD.-MAD'5 
turning high impedance after address output 
3) Starting and finishing of drawing data output on MAD.- 
MAD" 


4) Starting and finishing of video attributes output on MAD.- 
MAD" (plus MA,./RA.-MA.oIRA,) 


The noise generally occurs sharply on "Low" leveled output 


signals as shown in Figure 61 and Figure 64. This problem is 
caused by GND impedance, as MAD bus and output signal lines 
are sharing GND line in side the LSI as shown in figure 62. De- 
pending on impedance of the GND line, the GND level is inf- 
luenced by excessive discharge on internal GND line which oc- 
curs when MAD state changes from high impedance to "Low" 
level, from "High" level to "Low" level, or from "High" level 
to high impedance. 
In case that load capacitanceon bi-directionalhost system data 


bus and GND impedance are large, noise may occur on output 
signals at data turnings. However, the level of this noise is much 
lower than that of the former case, because the GNDs for the 
data bus and output signal lines are almost separated to minimize 
the noise. 
Note the level of the noise increases depending on the load 


capacitance. 
So the load capacitance 
should be less than the 
condition in Figure 20. 


Problem Analysis 
Figure 63 shows the relations between the noise voltage and 
parameters: Vee, GND impedance, load capacitance on MAD, 
and number of MAD lines which cause discharge. As level of 


noise depends on these parameters and output signal pins, it is 
required to check the condition of the system. Following output 
signal pins tend to have remarkable noise: 


MA16/RA.-MA19/RA" 
RA" CHR, MRD, DRAW,DISPI, 


DISP2, and others 
A typical waveform of the noise isshown in Figure 64, and the 


noise voltage in the worst case is shown in Figure 65. 


Countermeasures 
In case of having the noise, please take measures for design- 


ing the system as follows: 
I) Latch MA16/RA.-MA,/RA, 
and RA, by AS" as shown in 
EiguLe_66. 


2) Latch output signals other than MA/RA by 2CLK rising or 


falling, or by other timings as shown in Figure 67. Latch 
timing should be determined 
in consideration of the noise 


timing and clock timing/other timings. 


3) Insert Schmitt trigger circuit in output signal lines which 


have little noise as shown in Figure 68. For taking this 
measure instead of former measures, please check the condi- 
tion of each output signal line, such as noise level and pulse 
width. 
Followingare measures to reduce the discharge into the inter- 


nal GND line and the noise level. 
I) Reduce the load capacitance on MAD bus. If it is large, bus 


butTeris necessary. 
2) Keep supply voltage (Vee) as low as possible. 
3) Insert damping 
resistors into MADo-MADI5 as shown in 


Figure 24. The damping resistors are 50-1000, and should be 
located as near pins as possible. Figure 69 shows the effect of 
the damping resistors. This is also a measure against ringing 
problem (Figure 23). 


Relational Notes 
Rush current occurs at switchingof output signals. 
Level of this transient depends on load capacitanceof external 
circuit, clock frequency, impedance of Vee and GND, etc. It is 
required to design the system in consideration of measures 
against noise caused by the transient. 


(I) Notes on power supply circuit 


Keep impedance of Vee and GND as little as possible to 
minimize voltage change as follows. 
I) Use a multilayer board (more than 4 layers with internal 


Vee and GND). 
2) Keep Vee and GND lines wide for a doublelayer board. 
3) Insert bypass capacitors as shown in Figure 25. 
4) Keep no voltage difference between each Vee pin, and 


between each GND pin. (Remark GND voltage for a 
doublelayer board) 


(2) Notes on buses 
Transient occurs at switching of MAD bus and/or host sys- 
tem data bus (about hundreds mAl. Followings are meas- 
ures to reduce the transient. 
I) Minimize the load capacitance on MAD.-MAD" 
and 


0.- 0" by reducing fan out, inserting bus butTers, or 
shortening the buses. 
2) Insert damping resistors (50-1000) in buses near LSI pins 


as shown in Figure 24. 
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Vn 
: Noise Voltage 
Cd 
: MAD Load Capacitance 
Zg 
: GND Impedance 
N 
: Number of MAD 
Lines 


which cause discharge 


Cr= 
40~~ (Maximum 
Caracteristic 
+-- 


Vnp _------- 
I 


, 
--+- 
,.-t- ~" 


Conditions: 
Vcc = 5.0V 
Ta = 25°C 
Zg ~ on 


( 


Vn and Vnp are the worst values 
~ 


on MA16-MA,9when 
MADo-MAD'6 


changes from $FFFF to $0000. 


Noise 
Voltage 


1.0 
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Noise 
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etc. 


o 
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DISP2 
etc. 
o 
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00 
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Vnp --- 
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--------- 


Vn 
\' 


vn~OO 


~vnp 


~ 


@HITACHI 


Hitachi America 
Ltd .• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


HD63485--------- 


Description 


The HD63485 LSI belongs to the ACRTC (advanced 
CRT controller) 
family. It provides memory access 
control to frame buffers 
for graphic 
display 
and 


drawing. 
Incorporating 
bus driver 
circuits 
and a 
DRAM (dynamic RAM) interface, the GMIC allows 
direct 
connection 
to DRAMs 
with 
no external 


circuits. 
Its main function 
includes 
address 
data 
latch, 
DRAM 
row 
and 
column 
address 
multi· 
plexing, supplying RAS, CAS, OE, WE, and other 
signals, and generating 
the 2CLK signal 
for the 


ACRTC. 
Using 
the 
Hi-BiCMOS 
process, 
the 
HD63485 achieves high speed memory access with 
low power dissipation. 


• 
Drives frame buffer memory directly (IOL= 24 mA 
max) 


• 
Generates 
DRAM 
signal: 
row 
and 
column 


addresses,RAS, 
CAS, OE. WE, etc 
• 
High-speed dot rate input 
(64 MHz max) 


• 
Direct ACRTC interface 


• 
Generates 
horizontal 
scrolling control signals 


• 
Generates 
load signals for horizontal 
smooth 


scrolling 


• 
Programmable address increment mode 
• 
Generates 
2CLK signal 
• 
TTL-compatible 
input/output 
• 
Single +5 V power supply 


• 
Low power dissipation 


Part No. 
Speed 
Package 


HD63485PS-32 
32MHz 
64·pin Plastic Shrink DIP 


HD63485PS-48 
48MHz 
(DP-64S) 


HD63485PS-64 
64MHz 


HD63485CP-32 
32MHz 
68-pin PLCC 


HD63485CP-48 
48MHz 
(CP-68) 


HD63485CP-64 
64MHz 
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Figure 1 shows the pin arrangement 
for the 64-pin 


shrink-type 
DIP and the 68-pin PLCC packages. 


Pins 
marked 
with * are 
bus drivers, 
which 
can 


handle 
a maximum 
output 
current 
lot of 24mA. 


Table 1 describes the pins. 


MAo 
MA, 
MA2 
MA3 
MA4 
MAs 
MRD 


DRAW 
AS 
MCYC 
ADRA 
ADRB 
ADRC 
DSPCYC 
• "OE 
Vss 
Vss 
MA6 
MA7 
MAs 
MAg 
MAIO 
MA" 
MA12 
MA13 
MA,. 
MA,s 
MA'6 
MAn 
MA,a 
NC 
Vcc 


Vcc 
DAM 
WSS 
2CLKOUT 
IMO 
IM1 
NC 
TEST 
WEO. 
WE1. 
WE2. 
WE3. 
CAS. 
RAS. 
FAa 
• 


Vss 
Vss 
FA, • 


FA2 
• 


FA3 
• 
FA •• 
FAs· 
FA6. 


FA7 
• 


NC 
SLDW 
SLDB 
"HSYm: 
SCKE 
CDMO 
CDM1 
DOTCK 


AS" 
MCYC 
ADRA 
ADRB 
ADRC 
DSPCYC 
• "Or 
Vss 
Vss 
MA6 
MA7 
MAa 
MAg 
MAIO 
MA" 
MA'2 
NC 
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v55 and Vcc are the GMIC power supply pins. Vcc 
pins are +5 V ± 5 % supply pins. V 55 are the ground 
pins. Be sure to connect all four V 55 pins to ground 
and both Vcc pins to the power supply. 


Pin 
Number 


Sienal 
DIP-64 
PLCCo68 I/O 
Description 


Vcc 
32,64 
34,68 
+5 V power 
supply 


Vss 
16,17,17,18, 
Ground 


48,49 
51,52 


CDM1, 
34,35 
36,37 
I 
Clock 
division 
ratio 


COMO 


DAM 
63 
67 
I 
Dual access 
mode 


IM1, 
59,60 
63,64 
I 
Increment 
mode 


IMO 


WSS 
62 
66 
I 
Window 
smooth 
scroll 


DOTCK 
33 
35 
I 
Dot clock 


TEST 
57 
62 
I 
Test 


2CLKOUT 
61 
65 
0 
Clock 


MCYC 
10 
11 
I 
Memory 
cycle 


DRAW 
8 
8 
I 
Draw 


MRD 
7 
7 
I 
Memory 
read 


AS 
9 
10 
I 
Address 
strobe 


MA18· 
30·18, 
33·28, 
I 
Memory 
address 
bus 


MAO 
6·1 
25·19, 
6-1 


HSYNC 
37 
39 
I 
Horizonta 
I sync 


RAS 
51 
54 
0 
Row address 
strobe 


CAS 
52 
55 
0 
Column 
address 


strobe 


WE·J.WEO 
53·56 
56·59 
0 
Write 
ena ble 


OE 
15 
16 
0 
Output 
ena ble 


FA7·FAO 
41·47, 
44·50, 
0 
Frame 
buffer 


50 
53 
address 


ADRA· 
11·13 
12·14 
0 
Address 


ADRC 


SCKE 
36 
38 
0 
Shift 
clock 
ena ble 


SLOB, 
38,3940,41 
0 
Shift 
load signals 


SLOW 
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Ch)('k 
Division 
Ratio 
(CDM1, 
CDMO): 
The 
l'J)l\ll 
and COMO inputs 
determine 
the division 


ratio used to generate 2CLKOUT for the ACRTC from 
the OOTCK input. See Table 2. 


Dual Access Mode 
(DAM): 
The OAM input sets 


the access mode as shown in Table 3. 


Increment 
Mode 
(1M 1, 1M 0): 
The 
1M 1 and 


Il\! 0 inputs 
determine 
the 
addresses 
sent 
from 
memory 
addresses 
(MA 18-MA 0) as 
the 
frame 


buffer output (FA 7-FA O)to accommodate 
different 


ORAl\! types. Table 4 shows the memory 
address 


outputs 
corresponding 
to the 1M 1 and.lM 
0 set- 


tings. Note that the frame buffer addresses 
(FA 7- 


FA 0) have multiplexed 
memory address outputs. 


1M inputs are closely related to the graphic address 
increment (GAl) of the ACRTC (see ACRTC User's 
Manual). 


Window 
Smooth 
Scroll 
(WSS): 
When the WSS 


input is low (0). each base screen can be scrolled in 
single access mode, dual access mode 0, and dual 
access 
mode 
1. The 
SLOB 
signal 
contains 
the 


When the WSS input is high (1), the window screen 
can be smooth scrolled in dual access mode 1. The 
SLOW signal contains the scrolling data. 


Operation 
Control 
Signals 


Dot 
Clock 
(DOTCK): 
The OOTCK input must 


be the same 
clock 
that 
is supplied 
to the shift 


register for video signal generation. 
Oot clock fre- 


quency is determined by the horizontal display resolu- 
tion (pixel count) and the display period of one horizon- 
tal scan. 


Test 
(TEST): 
The 
TEST 
input 
is 
used 
for 


manufacturing 
operational 
testing. It must be fixed 


low when the GMIC is mounted in a system. 


ACRTC 
Interface 
Signals 


Clock 
(2CLK): 
The 2CLKOUT clock output is a 
basic clock 
for the ACRTC's 
internal 
operation. 


The GMIC generates 
2CLKOUT 
by dividing 
the 


high-speed dot clock by the ratio determined 
by the 


COM 1 and COM 0 inputs. 


I 


Table 
3. 
Access 
Modes 


Table 4, 
Increment 
Mode 


Increment 
Address 
Output 
to 
Address 
Output 
to 
1M 1 
IMO 
Mode 
FA 7·FAO 
ADRC·ADRA 


0 
0 
+1 
MAI5·MAs. 
MA7·MAo 
MAIS, 
MAl7, 
MAl6 


0 
1 
+2 
MAI6·MAg, 
MAs·MAI 
MAC), MAl7, 
MAIS 


0 
+4 
MAl7·MAIO. 
MA9·MA2 
MAo, MAl, 
MAIS 


1 
+8 
MAIS·MAll. 
MAIO·MA3 
MAC), MAl, 
MA2 


CDM 1 
o 
o 


1 


1 


CDMO 
o 


1 
o 


1 


Division 
Ratio 


Not allowed 


Divide 
by 4 


Divide 
by 8 


Divide 
by 16 


DAM 
o 


1 


Access 
Mode 


Single 
access 
mode 


Dual access 
mode 
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Memory 
Cycle 
(MCYC): 
The 
MCYC 
input 
indicates the ACRTC's frame buffer access timing. 
MCYC is low when the ACRTC is in the address 
cycle, and high when the ACRTC 
is in the data 
cycle. 


Draw 
(DRAW): 
The 
DRAW 
input 
indicates 
whether 
the ACRTC memory 
cycle is a drawing 
cycle. DRAW is low during drawing cycle, and high 
otherwise. 
The 
GMIC uses DRAW to recognize 
display cycles, and also to generate 
DRAM control 


signals 
(WE3- WE 0). 


Memory 
Read 
(MRD): 
The MRD input controls 
data 
transfer 
between 
frame 
buffers 
and 
the 
ACRTC. 
The 
ACRTC 
pulls MRD high when 
it 
reads data from the frame buffer, and low when it 
writ.es data. 


The 
only exception 
is when 
the 
ACRTC 
is in 
superimpose display mode 
(dual access mode 1). In 
superimpose display mode, the ACRTC inputs a low 
level and reads data from a frame buffer in order to 
indicate that the display cycle is for a superimposed 
screen 
(window screen). 


Address 
Storbe 
(AS): 
The AS" input is a latch 
timing signal for the memory address sent from the 
ACRTC. 
Additionally, 
AS" 
indicates 
whether 
memory 
is 
begin 
accessed. 
For 
example, 
for 
horizontal zooming, the SLDB signal is provided at 
a lower 
frequency, 
corresponding 
to 
the 
lower 
frequency of AS. 


Memory 
Address 
Bus (MA18-MAo): 
The MAw 
MAo inputs are address 
signals for frame 
buffer 
access, provided by the ACRTC. 


Horizontal 
Sync 
(HSYNC): 
The HSYNC input 
is a DRAM refresh 
cycle control 
signal to hori- 
zontally 
synchronize 
CRT 
displays. 
The 
GMIC 
performs 
RAS only refresh when HSYNC 
is low 
and DRAW is high when AS pulses are input. 


Setting HSYNC low informs the GMIC of the end 
of a raster display. Usually, the ACRTC's HSYNC 
output supplies this input. 


Frame 
Buffer 
Access 
Signals 


Row Address 
Strobe 
(RAS): 
The GMIC outputs 
the DRAMs' RAS timing signal on the RAS output. 


Column 
Address 
Strobe 
(CAS): 
The 
GMIC 


outputs the DRAMs' CAS timing signal on the CAS" 
output. 


Write 
Enable 
(WE 3- WE 0): The GMIC outputs 


the DRAM's WE timing signals on the WE outputs. 
Since WE 3-WE 0 are controlled by the increment 
mode (1M 1, 1M 0) and by the lower two bits of the 
address 
(MA 1, MA 0), 
the 
GMIC 
can 
directly 


control 
up to four memory 
banks. 
Up to eight 


memory 
banks 
can 
be controlled 
by externally 


decoding the address 
(ADRC) and WE 3-WE O. 


WE3-WE 0 are 
bus 
driver 
that 
can 
handle 
a 


maximum 
output current 101. of 24 mA. 


Output 
Enable 
(OE): 
The 
GMIC 
outputs 
the 


DRAMs' output timing signal on the lJE output. DE 
is a bus driver that can handle a maximum 
output 


current 101. of 24 mA. 


Frame 
Buffer 
Address 
(FA 7-FA 0): 
The GMIC 


outputs the multiplexed 
DRAM address 
on FA 7· 


FA O. How the address is multiplexed 
depends on 


the incerment 
mode 
(table 4). FA 7-FAO are bus 


drivers that can handle a maximum 
output current 


101• of 24 mA. 


Address 
(ADRA-ADRC): 
The 
GMIC 
latches 


three address bits other than those delivered on the 
FA 7-FA 0 bits and outputs them on ADRA-ADRC 
in one memory cycle. 


GVAC Control 
Signals 


Shift 
Clock Enable 
(SCKE): 
The SCKE output 


controls the GVACs' video signal generation 
shift 


register. 
It outputs 
a control 
signal 
for zooming 


according to the horizontal 
zoom signal 
(attribute 


control 
signa\) 
from 
the 
ACRTC. 
The 
GVAC 


performs 
horizontal 
zoom 
by halting 
the 
clock 


when SCKE is low. 


Shift 
Load Signals 
(SLDB, SLDW): 
The SLDB 


and SLDW outputs are load signals for the display 
data of the video signal generation 
shift register. 


The SLDB output is used for single access mode, 
dual access mode 0, and dual access mode 1. The 
SLDW output controls the window screen in dual 
access mode 1. 
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HD63485 
--------------------------------- 


Functional Description 


i 
t 
I 
c> 
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Figure 
2. 
GMIC Block Diagram 
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The 2CLK generator generates 
2CLKOUT for the 
ACRTC and itself by dividing the external DOTCK 
signal. The ratio of DOTCK to 2CLKOUT is set exter- 
nally by the CDM 1 and CDM 0 inputs. 


The attribute 
latch temporarily 
stores the attribute 
codes input from the ACRTC on MA 18-MA 0 used 
for horizontal 
zoom 
(HZ 3-HZ 0) and 
horizontal 
scroll dot 
(HSD 3-HSD 0). 


Zoom control 
generates 
the 
SCKE 
signal 
from 
OOTCK to control the GVAC clock for horizontal 
display zooming. 


Scroll control generates 
shift load signals 
(SLDB, 
SLDW) which control video signal generation 
for 
the GVAC. 


The 
address 
shifter 
stores 
memory 
addresses 


(MA 18-MA 0) sent from the ACRTC. It supplies 


them to the RAM address section according to the 
timesharing mode selected by the graphic increment 
mode (1M I, 1M 0). 


ADRA·ADRC Latches 


The ADRA-ADRC latches store the lower or upper 
address bits which are not supplied to FA 7-FA 0 
from the memory address sent from the ACRTC 
It 


outputs them for the whole memory cycle. 


The 
RAM 
address 
selection 
circuits 
output 
the 


time shared row and column addresses to the frame 
buffers according to the RAS and CAS timing. 


The DRAM and WE control circuits generate 
RAS, 


CAS, <:ffi, and WE signals for frame buffer access 
from the ACRTC output signals. 
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System Description 


Applications 


The GMIC provides communications 
between 
the 


ACRTC 
and 
frame 
buffers. 
It contains 
control 


circuits 
for generating 
signals 
necessary 
for the 


ACRTC 
to access 
a frame 
buffer. In addition 
it 


generates 
basic signals for operating 
the ACRTC 


and control signals for the GVAC (Graphic Video At- 
tribute Controller), which generates the video signals 
for a CRT display. 


The GMIC's operation mode can be controlled by its 
program pins. This makes the GMIC suitable for a wide 
range of operations, from small, low-speed systems to 
large, high-speed systems, and it allows it to flexibly 
change to suit system specification changes. 


Figure 
3 shows 
a graphic 
system 
configuration 


using an ACRTC, 
GMIC, and GVACs. Using 
a 


GMIC for interface to the frame buffers and GVACsfor 
CRT video signal generation creates a flexible, high- 
performance graphic system with a minimum compo- 
nent count. 


The 
typical 
graphic 
system 
application 
for 
the 
GMIC and 
GVAC shown 
in figure 
3 uses 
two 


GVACs, but the number 
of GVACs used can be 
changed 
to accommodate 
CRT 
resolution 
and 
color/grey scale per pixel for various applications. 


The 
GMIC receives 
memory 
addresses 
(MADw 


MAD., MAlO-MA,.), address strobe 
(AS), memory 


cycle 
(MCYC), 
draw 
(DRAW), 
memory 
read 


(MRD), and other ACRTC outputs, and generates 


control signals for the frame buffers. 
The frame 


buffers 
are 
generally 
constructed 
from 
DRAM, 


since 
graphic 
systems 
require 
large 
memory 


capacity frame buffers. The GMIC therefore 
uses a 


DRAM-compatible 
multiplexing 
system. 
Through 
this 
multiplexing, 
the 
GMIC 
delivers 
address 
outputs and control signals such as RAS, CAS, WE, 
and DE, acting as a direct 
interface 
between 
the 


ACRTC and the frame buffers. 
Furthermore, 
the 


GMIC 
generates 
a basic 
clock 
signal 
for 
the 


ACRTC 
(2CLK) by dividing 
the high-speed 
dot 


clock. 
It also generates 
control 
signals 
for 
the 
GVAC. 


MPU 
Interface 


MAo- 
FAo- 
MA,e 
FA7 


HD63485 


GMIC 


HD63484 


ACRTe 


RAS, CAS. OE, WE 


SCKE.~ 
,ADRA -ADRC,DSPCYC 
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Timing for signals to and from the GMIC is based 
on the dot clock 
(OOTCK) 
supplied to the GMIC 
and the clock 
output 
(2CLKOUT) 
generated 
by 
the GMIC. 2CLKOUT is generated 
by dividing the 
OOTCK input by the ratio selected by the CDM 1 
and CDM 0 inputs. 
Figure 
4 shows the 
relation 
between DOTCK and 2CLKOUT. The frequency of 
OOTCK depends on the speed and resolution of the 
CRT display. DOTCK 
(in MHz) 
equals the hor- 
izontal 
resolution 
(pixels/raster 
line) 
by 
the 
horizontal 
display 
raster 
scan 
period 
(ps 
per 
raster) . 


fooTeK = [Horizontal 
resolution 
(pixels/raster)] 
/ 


[Horizontal 
display period (ps)] 
(MHz) 


The 
dot clock 
dividing 
mode 
should 
be chosen 
considering 
the frame 
buffer cycle time 
and the 


speed of the ACRTC used_ For high-speed drawing, 
a smaller division ratio should be used to supply a 


higher 
frequency 
chock 
to 
the 
ACRTC. 
For 


applications 
using 
low-speed 
frame 
buffers 
and 


extermal 
circuits, larger division rations should be 
selected to supply a lower frequency clock to the 
ACRTC. 


Note: 
The 
maximum 
DOTCK 
frequency 
is 


sometimes limited by the OOTCK division ratio_ If 
the division ratio is 8 or 16, the maximum frequency 
is allowed, but if a division ratio of 4 is used, the 
OOTCK frequency is limited to 32 MHz. 


The GMIC is designed for use with DRAM frame 
buffer memories. 
Therefore, 
the GMIC generates 


DRAM access 
signals 
RAS, CAS, WE, and DE. 


Also, it outputs row and column addresses 
to the 


RAM, timeshared 
according to RAS and CAS. 


Table 
5 shows 
the 
GMIC 
frame 
buffer 
access 


modes. The memory cycles are roughly divided into 
six types. They are distinguished 
by the ACRTC's 


COM1 
0 
COMO-1-------------------------------- 


COMO-~------------------------------- 


OOTCK 
\_---- 


(b) 
8-division 
ratio mode 


2ClKOUT \ 
, 


(e) 
16-division 
ratio mode 


Figure 4. 
DOTCK Division 
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HD63485 
------------------------------------ 


output signals 
(AS, HSYNC, DRAW, MRD). 
Figure 
5 shows RAS only refresh 
cycle timing. 
Figure 6 and 7 show read and write cycle timing, 
respectively. 


AS 
HSYNC 
DRAW 
MRD 
Cycle 
Mode 
Memory 
Cycle 


Low 
Low 
High 
High 
Refresh 
cycle 
RAS only 
refresh 


pulse 
Low 
Low 
Drawing 
write 
cycle 
Memory 
write 


Low 
High 
Drawing 
read cycle 
Memory 
read 


High 
High 
Low 
Window 
screen 
cycle 
Memory 
read 


High 
High 
Background 
screen 
display 
Memory 
read 


High 
High 
High 
High 
No access 


Note: 
The GMIC performs 
a frame buffer refresh during 
a horizontal 
sync period 
(~= 
low), with mv;whigh 
and AS pulse applied. 
During 


a refresh cycle. only IlAS" is output 
~ 
and O£ are not output 


DOTCK 
{~ 
o 


2ClKOUT 
\ 
_ 


MCYC 
, 
_ 


HSYNC J 


AS \~ 
J 


DRAW] 


MRD 
] 


\. 


\. 


[ 


\0 


\0 


\0 


C 


MA,.-MA,• J 
~( 


____________ 
~r 
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OE ~ 


WE~ 


FAO-FA7 J, 
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Table 6 shows the relation 
between 
frame 
buffer 


addresses 
(FA7-FAO) and memory address (MA18- 


MAo), 
as determined 
by the increment mode OMI, 


IMO). FA pins provide multiplexed 
addresses 
for 
DRAM, and the remaining 
address bits are output 
at ADRA-ADRC. 
The GMIC has four increment 
modes: 
+ I, + 2, + 4, and + 8. This mode should be 
set the same as the ACRTC's GAl (graphic address 
increment) 
mode. GAl mode is a bit set according 
to the frame buffer, which sets the increment 
mode 
for display address output for a graphic address. 


Graphic drawing data is processed on a single word 
06 bit) basis. The ACRTC sets the bit count per 
pixel 
by 
the 
graphic 
bit 
mode 
(GBM) 
in 
its 
command control register, 
which is more suitable 
for multicolor/grey 
scale systems. However, if one 
word is definitely read from a frame buffer during 
each display 
cycle, four pixels 
per word can be 


displayed when GBM is set to 4 bits per pixel. To 


implement a CRT display having a 1 bit per pixel 
resolution 
06 
pixels/word), 
an input clock 
four 


times faster must be supplied to the ACRTC. For 
more multi color/grey 
scale systems, an ever faster 


clock is required. 


On the other hand, if several words are read from a 
frame 
buffer 
during each display 
cycle, 
and the 


CRT can have a higher resolution without speeding 
up the ACRTC input clock. For example, 
in the + 


4 increment mode, when GBM is set to 4 bits/pixel. 
4 words (64 bits) containing 16pixels can be read in 
one display cycle. 


For one word 
06 
bits) 
read during 
one display 


cycle. 
the GAl must be set to 000. 


When 
32/64/128 
bits 
are 
required 
during 
one 


display cycle for a high-resolution 
or multicolor/ 


grey scale system, GAl must be set to 001/010/011 


+1 
Mode 
+2 
Mode 
+3 
Mode 
+4 
Mode 


Frame Address 
Row 
Col 
Row 
Col 
Row 
Col 
Row 
Col 


FAO 
MAO 
MAS 
MAl 
MA9 
MA2 
MAlO 
MA3 
MAll 


FA1 
MAl 
MA9 
MA2 
MAlO 
MA3 
MAll 
MM 
MA12 


FA2 
MA2 
MAlO 
MA3 
MAll 
MA4 
MA12 
MA5 
MA13 


FA3 
MA3 
MAll 
MA4 
MA12 
MA5 
MA13 
MA6 
MA14 


FA4 
MA4 
MA12 
MA5 
MA13 
MA6 
MA14 
MA7 
MA15 


FA5 
MA5 
MA13 
MA6 
MA14 
MA7 
MA15 
MAS 
MA16 


FA6 
MA6 
MA14 
MA7 
MA15 
MAS 
MA16 
MA9 
MA17 


FA7 
MA7 
MA15 
MAS 
MA16 
MA9 
MA17 
MAlO 
MA1S 


ADRA 
MA16 
MAO 
MAO 
MAO 


ADRB 
MA17 
MA17 
MAl 
MAl 


ADRC 
MA1S 
MA1S 
MA18 
MA2 


Mode 
DRAW 
MRD 
MAl 
MAO 
IM1 
IMO 
WE3 
WE2 
WE1 
WEO 


H 
x 
x 
x 
x 
x 
H 
H 
H 
H 


L 
H 
x 
x 
x 
x 
H 
H 
H 
H 


+1 
L 
L 
x 
x 
0 
0 
L 
L 
L 
L 


+2 
L 
L 
x 
0 
0 
1 
H 
L 
H 
L 


L 
L 
x 
1 
0 
1 
L 
H 
L 
H 


+4/+S 
L 
L 
0 
0 
1 
x 
H 
H 
H 
L 


L 
L 
0 
1 
1 
x 
H 
H 
L 
H 


L 
L 
1 
0 
1 
x 
H 
L 
H 
H 


L 
L 
1 
1 
1 
x 
L 
H 
H 
H 
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Table 7 shows the output condition of the write 
enable signals WE3-WEO. The four write enable 
signals can directly control up to four memory 
banks. The WE output is determined by ORAW, 
MAO,IM1, and IMO. 


Video 
Shifter 
Shift 
Load 
Signals 
(SLDB, 
SLDW) 


SLOB and SLOW load timing signals control the 
timing of display data input from a frame buffer to 
the video signal generation shift register 
(parallel- 


to-serial conversion circuit). SLOB is used for base 
screen in single access mode, dual access mode 0, 
and dual access mode 1. SLOW is used for window 
screens in dual access mode 1. 


Relation 
of Access Mode and WSS to SLDB 
and 
SLDW: 
Table 
8 shows 
the 
relationship 
between access modes, WSS, and SLOB and SLOW. 
When WSS = 0 in single access 
or dual 
access 
mode 0, 
SLOB 
output 
timing 
can 
be 
varied 


according to the amount of scrolling for one display 
cycle. SLOW is not output. 


When WSS=O in dual access mode 1 for the bese 
screen, SLOB output 
timing 
can 
be varied 
to 


accommodate 
smooth scrolling according 
to the 
horizontal 
scroll 
dot 
attribute 
control 
signals 


(HS03-HSDO) 
supplied 
by 
the 
ACRTC. 
The 


SLOW signal is asserted for one period of the last 
dot clock during a display cycle. Its output cannot 
be varied for scrolling. 


When WSS = 1, for the window in dual access mode 
1, SLOB signal is asserted and fixed for one period 
of the last dot clock of one display cycle, where as 
SLOW timing can be varied according to scrolling 
amount in one display cycle. 


Amount 
of 
Scrolling 
and 
Output 
Timing: 


Figure 8 shows the output timing of the shift load 
signals (SLOB, SLOW) for different amounts 
of 


scrolling. With increased scrolling, the load signal 
is output earlier by one dot clock. 


Figure 9, 10, and 11 show SLOB and SLOW timing 
for single access, dual access mode 0, and dual 
access mode 1, respectively. Figure 12, 13, and 14 
show SLOB timing for double and triple zooming. 


Table 
9 shows the attribute 
codes set for the 


ACRTC and the corresponding scrolling amounts. 
Table 10 shows the relationship between the GMIC 
dot clock division ratios and GVAC shift register 
lengths in corresponding 
access modes. Oisplay 


colors are determined by the shift register length 
and amount of display data simultaneously read set 
in the ACRTC's GAL The single and dual access 
modes are described in the ACRTC User's Manual, 
Section 3.2 CRT Interface. 


WSS 
Access 
Mode 
SLOB 
SLOW 


0 
Single 
access, 
Scrolling 
amount 
is permitted 
No output 
Dual access 0 


Dual access 
I, 
Scrolling 
amount 
is permitted 
Scrolling 
impossible 
Base screen 


1 
Dual access 
I, 
Scrolling 
impossible 
Scrolling 
amount 
is permitted 


Base screen 


LJ 
n-1 
dot 
scrollLJ 
n-2 
dot 
scroll 
LJ 
No scroll 
--------------- 
---- L..I 
+ 1 dot 
scroll 


Figure 
8. 
Shift 
Load (SLDB, SLDW) 
Output 
Timing 
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Table 9. 
ACRTC Attribute 
Codes and Scrolling 
Amounts 


Shift 
Bit 
Scroll 
Length 
HSD5 
HSD4 
HSD3 
HSD2 
HSDl 
HSDO 
Dot Count 


16 bits 
x 
x 
0 
0 
0 
0 
0 


x 
x 
0 
0 
0 
1 
1 


x 
x 
0 
0 
1 
0 
2 


x 
x 
1 
1 
1 
0 
14 


x 
x 
1 
1 
1 
1 
15 


32 bits 
x 
0 
0 
0 
0 
0 
0 


x 
0 
0 
0 
0 
1 
1 


x 
0 
0 
0 
1 
0 
2 


x 
1 
1 
1 
1 
0 
30 


x 
1 
1 
1 
1 
1 
31 


64 bits 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
1 
1 


0 
0 
0 
0 
1 
0 
2 


0 
62 


1 
63 


Note: 
Theattribute code from the ACRTCsuppliesHS03-HSOO,and memory address MAl and MAOsupply HS05 and HS04. If these memory 
address bits are used (MAl for 64·bit shifts, MAOfor 32·bil shifts). they must not be changed during one horizontal period. 


Division 
Ratio 


Divide 
by 4 


Divide 
by 8 


Divide 
by 16 


Single 
Access 


8 dot 
shift 


16 dot 
shift 


32 dot 
shift 


Dual 
Access 


16 dot 
shift 


32 dot 
shift 


64 dot 
shift 
(note) 
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2CLK 


MCYC 


HSYNC 


DISP 
(DISP1) 


AS 


MA/MAD 


DRAW 


MRD 


DSPCYC 


SCKE 


"High" 


(+0 Scroll) 


SLDB 


R: Refresh 
Cycle 
A: Attribute 
Cycle 
D: Drawing 
CyCle 


Bn: Base Display 
Cycle 
Wn: 
Window 
Display 
Cycle 
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2CLK 


MCYC 


HSYNC 


DISP 
(DISP1) 


AS 


MA/MAD 


imAW 


MRD 


DSPCYC 


SCKE 


"High" 


R: Refresh 
Cycle 
A: Attribute 
Cycle 
D: Drawing 
Cycle 


Bn: Base Display 
Cycle 
Wn: 
Window 
Display 
Cycle 
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Base Display 


Window 
Display. 


"'\fV1.n.r J\.FIfAn f\.F\ F\Ii Vv" fAn f\.F\.n.r J\.FIVv" .fV',J 
-l..-./ l..-./ L..J W- l..-./ LI W-W- l..-./ l..-./ L..J W- ~ 
... 


~ 


-u 
u 
u 
IV 
U- .....r-V-V- U- \J 
\J 
IV 
"" 
~ 


R 
A 
D 
.!U. 
~ 
~ 
m 
JU. m 
!!i 
'!Q 
~ 
-.Q.. 
-.Q.. 
.B 
- 
r- 
1- 
- 
- 
'--- 
1'--- 


Ir-- 
~ 
'--- 
I'-- 
'--- 
~ 
r--- 
,.. 
'---- 
I'--- 


"High" 


[+0 
Scroll] 


I 


I 
I 
l 


I-n 
dot_ 
[+n 
Scroll) 


I 


U 
U 
U 
U 


[+0 
Scroll] 


I 
l 
l 
1-'1 dot_ 
I+n Scroll] 


I 
U 
I 
U 
U 


DISP2 


SCKE 


R: Refresh Cycle 
A: Attribute 
Cycle 
D: Drawing 
Cycle 


Bn: Base Display Cycle 
Wn: Window 
Display Cycle 
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2CLK 


MCYC 


HSYNC 


~ 
(DISP1) 
AS 


R 
A 
D 


MA/MAD 


DRAW 


MRD 


DSPCYC 


SCKE 


SLDB 


R: Refresh 
Cycle 


A: Attribute 
Cycle 


D: Drawing 
Cycle 
Bn: Base Display 
Cycle 
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MCYC 


HSYNC 


DISP 


(DISP1) 


AS 


R: Refresh 
Cycle 
A: Attribute 
Cycle 


D: Drawing 
Cycle 
Bn: Base Display 
Cycle 
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R: Refresh 
Cycle 
A: Attribute 
Cycle 
D: Drawing 
Cycle 


Bn: Base Display 
Cycle 
Wn: Window 
Display 
Cycle 


~HITACHI 


Hitachi America 
Ltd .• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


Driving 
Priority 
Mode: 
In the ACRTC drawing 
priority 
mode, 
drawing 
memory 
access 
takes 
priority over display memory access. In this mode, 
when display data is provided in the same manner 
as in the 32-bit shift mode but the system does not 
enter a display cycle, and a total output of 32 bits is 
completed, low-level output are provided until the 
next display cycle. 


Shift clock enable 
(SCKE) is a control 
signal for 


the GVAC video signal generation 
shift 
register. 


GVAC drives the shift register on the falling edge of 
the dot clock. The SCKE control signal decreases 
the dot clock 
frequency 
to set the zoom 
scale. 


Figure 
15 shows triple 
zoom 
(HZ=OOl1) 
timing. 


Table 11 shows attribute 
codes and corresponding 
zoom scales. 


Table 11. 
Attribute 
Codes and Zoom Scales 


HZ3 
HZ2 
HZl 
HZO 
Zoom scale 


0 
0 
0 
0 
1 


0 
0 
0 
1 
2 


0 
0 
1 
0 
3 


0 
0 
1 
1 
4 


0 
1 
0 
0 
5 


0 
1 
0 
1 
6 


0 
1 
1 
0 
7 


0 
1 
1 
1 
8 


1 
0 
0 
0 
9 


1 
0 
0 
1 
10 


1 
0 
1 
0 
11 


1 
0 
1 
1 
12 


1 
1 
0 
0 
13 


1 
1 
0 
1 
14 


1 
1 
1 
0 
15 


1 
1 
1 
1 
16 
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The GMIC receives attribute 
code control 
signals 


for 
horizontal 
zooming 
and 
horizontal 
smooth 


scrolJing 
from 
the 
ACRTC. 
Figure 
16 shows 
attribute 
control output timing, and figure 17 shows 
the corresponding 
output pins. 


The GMIC can control horizontal smooth scrolJing 
of up to 
a 63-dot shift. 
However, 
the 
ACRTC 


outputs 
a 
4-bit 
code 
(HSD3- HSDO), 
directly 


supporting 
up to 
a IS-dot 
shift. 
Therefore, 
the 


GMIC latches 
the 
lower 
2 bits 
of the 
display 


adddress 
(MAO, MAl) 
output every display cycle 


into its internal register in order to control a 63-dot 
shift. 


2ClK 


MCYC 


~ 


AS 


MAD 


MA 
A 


IDlAW 


~HIGW 
MRD 


~HIGW 
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MA16 


MA15 


MA12 


MA11 


BLK2 
-------------------- 
BLK2 


SPL2 
------------------- 
SPL1 


HZ3 


HZO 


HSD3 


HSDO 


ATC7 


ATCO 
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Item 


Supply voltage 


Input voltage 


Output voltage 


Operating temperature 


Storage temperature 


Symbol 


Vee 


Rating 


- 0.3 to + 7.0 


- 0.3 to Vee+ 0.3 


5.5 
o to + 70 


- 
55 to + 150 


Unit 


V 


V 


V 


'C 


'C 


Notes: 
Using an LSI beyond 
in maximum 
ratings 
may result 
in its permanent 
destruction. 
LSls should 
usually 
be operated 
under the recommended 


operating 
conditions 
Exceeding 
any of these conditions 
may adversely 
affect 
its reliability. 


Recommended Operating Conditions 
(All voltages referenced 
to V 88 = 0 V) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
Vee 
4.75 
5.00 
5.25 
V 


Input voltage low 
VI~ 
0 
0.7 
V 


Input voltage high 
VIH 
2.2 
Vee 
V 


Operating temperature 
Top!' 
0 
25 
70 
'C 
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Electrical 
Characteristics 


DC Characteristics 
(Vcc = 5.0 V ± 5%, Vss = 0 V, Ta = O'C to 70'C unless otherwise 
noted) 


Item 
Symbol 
Min 
Max 
Unit 
Test 
Condition 


Input 
voltage 
high 
VIH 
2.2 
Vcc 
V 


Input 
voltage 
low 
Vil 
-0.3 
0.7 
V 


Input 
clamp 
voltage 
VI 
-1.5 
V 
Vcc = 4.75 
V, 


lin = -18 
mA 


Output 
voltage 
AORA·AORC, 
SLOB, 
VOH 
2.7 
V 
Vcc = 4.75V, 


high 
SLOW, 
OSPCYC, 
SCKE, 
IOH= -400 
mA 


2CLKOUT 


WE3·WEO. 
FA7·FAO, 
VOH 
2.0 
V 
Vcc = 4.75 
V, 


RAS, CAS, OE 
10H= -15 
mA 


Output 
voltage 
AORA·AORC, 
SLOB, 
VOL 
0.5 
V 
Vcc = 4.75 
V, 


low 
SLOW, 
OSPCYC, 
SCKE 
10l = 8 mA 


2CLKOUT 


WE3·WEO, 
FA7-FAO, 
VOL 
0.5 
V 
Vcc = 4.75 
V, 


RAS, CAS, OE 
10l = 24 mA 


Input 
current 
high 
ItH 
20 
f.lA 
Vcc = 5.25 
V, 


VI = 2.7 V 


Input 
current 
low 
Itl 
-400 
f.lA 
Vcc = 5.25 
V, 


VI = 0.4V 


Output 
short 
circuit 
current 
los 
-40 
-120 
mA 
Vcc = 5.25 
V 


Current 
consumption 
Ice 
160 
mA 
Vcc = 5.25 
V 


Input 
capacitance 
Cin 
10 
pF 
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AC Characteristics 
(Vcc = 5.0 V ± 5%, Vss = 0 V, Ta = O·Cto + 70·C) 


32 MHz 
48 MHz 
64 MHz 


No 
Item 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Ficure 


DOTCK 
operation 
f 
32 
48 
64 
MHz 


frequence 


<l) 
DOTCK 
cycle 
time 
tc 
31.3 
20.8 
15.6 
ns 
18 
~ 
DOTCK 
high 
level 
tHW 
12 
9 
6 
ns 


pulse width 
® 
DOTCK 
low level 
tLW 
12 
9 
6 
ns 


pulse 
width 


@ 
DOTCK 
rise time 
tR 
5 
5 
5 
ns 


<ID 
DOTCK 
fall 
time 
tF 
5 
5 
5 
ns 


® 
2CLKOUT 
delay 
t2CLKO 
24 
17 
14 
ns 
19 


\l) 
MCYC 
setup 
time 
tMCYCS 
tc + 
tc + 
tc + 
ns 
20-23 


20 
20 
20 


® 
MCYC 
hold time 
tMCYCH 
0 
0 
0 
ns 


® 
HSYNC 
setup 
time 
HHss 
tc + 
tc + 
tc + 
ns 
20-22 


20 
20 
20 


® 
HSYNC 
hold time 
tHSH 
0 
0 
0 
ns 
23 


@ 
MRD 
setup 
time 
tMROS 
tc + 
tc + 
tc + 
ns 
20-22 


20 
20 
20 


@ 
MRD 
hold time 
tMROH 
5 
5 
5 
ns 
20,21, 
23 


@ 
DRAW 
setup 
time 
tORAWS 
tc + 
tc + 
tc + 
ns 
20-22 


20 
20 
20 


@ 
DRAW 
hold time 
tORAWH 
5 
5 
5 
ns 
20, 21, 
23 


@ 
AS setup 
time 
lAss 
tc + 
tc + 
tc + 
ns 
20-23 


(COM = 01) 
25 
25 
25 


AS setup 
time 
tASS 
2tc + 
2tc + 
2tc + 
ns 


(CMD = 10) 
25 
25 
25 


AS setup 
time 
tASS 
4tc + 
4tc + 
4te + 
ns 


(COM = 11) 
25 
25 
25 


@ 
AS pulse width 
tASW 
25 
25 
25 
ns 


@ 
Memory 
address 
tMAS 
10 
10 
10 
ns 
20-23 


setup 
time 


@ 
Memory 
address 
tMAH 
5 
5 
5 
ns 


hold time 


@ 
Attribute 
code 
tACS 
20 
20 
20 
ns 
23 


setup 
time 


@l 
Attribute 
code 
tACH 
5 
5 
5 
ns 


hold time 
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AC Characteristics 
(cont) 


32 MHz 
48 MHz 
64 MHz 


No 
Item 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Fi&ure 


@ 
RAS setup 
time 
tRSS 
te - 
te - 
te - 
ns 
20-23 


(COM = 01) 
20 
20 
20 


RAS setup 
time 
tRSS 
2te - 
2te - 
2te - 
ns 


(COM = 10) 
20 
20 
20 


RAS setup 
time 
tRSS 
4te 
- 
4te - 
4te - 
ns 


(COM = 11) 
20 
20 
20 


@ 
RAS hold time 
tRSH 
3 
3 
3 
ns 


@ 
CAS delay 
time 
teAsD 
te - 
te - 
te - 
ns 
20,21 


(COM = 01) 
7 
7 
7 


CAS delay 
time 
teAsD 
2te - 
2te - 
2te - 
ns 


(COM = 10) 
7 
7 
7 


CAS delay 
time 
teAsD 
4te 
- 
4te - 
4te - 
ns 


(COM = 11) 
7 
7 
7 


@A CAS delay 
time 
teAsDH 
20 
20 
15 
ns 


from 
2CLK 


@ 
CAS hold time 
teAsH 
3 
3 
3 
ns 


@ 
Memory 
address 
tMAse 
te + 
te + 
te + 
ns 
20-23 


setup 
time 
(COM = 01) 
25 
25 
25 


Memory 
address 
tMAse 
2te + 
2te + 
2te + 
ns 


setup 
time 
(COM = 10) 
25 
25 
25 


Memory 
address 
tMAse 
4te + 
4te + 
4te + 
ns 


setup 
time 
(COM = 11) 
25 
25 
25 


@ 
Row address 
tRAS 
0 
0 
0 
ns 


setup 
time 


@ 
Row address 
hold time 
tRAH 
te/2 
te/2 
te/2 
ns 


(COM = 01) 
-2 
-2 
-2 


Row address 
hold time 
tRAH 
te 
te 
te 
ns 


(COM = 10) 
-2 
-2 
-2 


Row address 
hold 
time 
tRAH 
2te 
2te 
2te 
ns 


(COM = 11) 
-2 
-2 
-2 


@ 
Column 
address 
teAs 
0 
0 
0 
ns 
20, 
21 


setup 
time 


@ 
Column 
address 
teAH 
0 
0 
0 
ns 


hold time 
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AC Characteristics 
(cont) 


32 MHz 
48 MHz 
64 MHz 


No 
Item 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Figure 


@ 
OE delay 
time 
tOED 
20 
20 
20 
ns 
20 


® 
OE hold time 
tOEH 
3 
3 
3 
ns 


@ 
WE delay 
time 
tWED 
5 
30 
5 
30 
5 
30 
ns 
21 


@ 
WE hold time 
tWEH 
3 
3 
3 
ns 


@ 
Address 
delay 
time 
lAo 
30 
30 
30 
ns 


@ 
Address 
hold 
time 
lAH 
0 
0 
0 
ns 


S 
SCKE delay 
time 
tSCKO 
3 
22 
3 
15 
3 
12 
ns 
18 


® 
SLD delay 
time 
tSLOO 
5 
24 
5 
17 
5 
17 
ns 


@ 
DSPCYC 
delay 
tOSPOA 
40 
40 
40 
ns 
20 


time 
from 
AS 


@A DSPCYC 
delay 
tospoo 
20 
20 
20 
ns 


time 
from 
DRAW 


@ 
DSPCYC 
hold 
time 
losPH 
5 
5 
5 
ns 
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2CLKOUT 
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MCYC 
® 
HSYNC 
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@ 


MRD 


@ 
~ 


DRAW 


@ 
® 


AS 


MAc-MA'8 


RAS 


CAS 


FAO-FA7 


WEO-WE3 


ADRA-ADRC 
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Figure 23. 
Attribute 
Cycle 
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Signal 
Cl(pF) 


SLOB. SLOW 
40 


SCKE 
40 


2ClKOUT 
40 


RAS 
240 


CAS 
240 


OE 
240 


WEO-WE3 
120 


FAO-FA7 
160 


AORA-AORC 
120 


OSPCYC 
40 
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HD63486 
Graphic Video Attribute Controller (Hi-Bi CMOS) 


Description 


The HD63486 LSI belongs to the ACRTC (Advanced 
CRT Controller) family. It converts frame buffer data to 
serial video signals. It contains a shift register for 
parallel-to-serial conversion and the peripheral video 
control circuits necessary to generate high-speed video 
signals. 


The programmable 
bit length of the shift register 


makes the GVAC suitable for multicolor graphics and 
monochrome grey scale applications. Additionally, mul- 
tiple GVAC's can be operated in parallel to further ex- 
pand the field of applications. The GVAC's functions 
include horizontal smooth scrolling and horizontal zoom 
using control signals fromthe GMIC (Graphic Memory 
Interface Controller). Using the Hi-BiCMOS'" process, 
the HD63486 achieves high-speed video signal genera- 
tion with low power dissipation. 


• 
Internal shift register 
for video signal control, 


programmable 
as: 
-Four 
8-bit shift registers 
- Two 16-bit shift registers 
-One 
32-bit shift register 


• 
High speed video signal generation 
(64 MHz 
dot rate) 


• 
Multiple GVAC parallel operation 
• 
Internal bidirectional 
data bus buffer for frame 
buffers 


• 
Zooming 
and 
horizontal 
smooth 
scrolling 


(requires GMIC signals or equivalent) 


• 
Direct ACRTC interface 


• 
TTL-compatible 
input/output 


• 
Single + 5 V power supply 


• 
Low power dissipation 


Part 
No. 
Speed 
Package 


HD63486PS-32 
32 MHz 
64-pin Plastic Shrink DIP 
HD63486PS-48 
48 MHz 
(DP·64S) 


HD63486PS-64 
64 MHz 


HD63486CP-32 
32 MHz 
68-pin PLCC 
HD63486CP-48 
48 MHz 
(CP-68) 


HD63486CP-64 
64 MHz 
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Figure 1 shows the pin arrangement 
for the 54-pin 


plastic 
shrink-type 
DIP 
and 
the 
58-pin PLCC 
packages. Table 1 describes the pins. 


MAD 


DSPCYC 


MCYC 


2CLK 


SELO 


SEll 


SEL2 


Do 
0, 


0, 


0, 


D. 


Os 


D. 
0, 


Vss 


Vss 


VIDEOD 


VIDEOC 


VIDEOB 


VIDEOA 


AM 


DOTCK 


DISP 


SCKE 
SID 


MODO 


MODl 


FD31 


FD30 
FO,. 


Vee 


0, 
0, 
0, 


D. 


Os 
D. 
0, 
Vss 


Vss 
NC 


VIDEOD 


VIDEOC 


VIDEOB 
VIDEOA 


AM 


DOTCK 


DISP 
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FO, 
FO, 


FO. 


FD,o 


FD11 


FD12 
FD13 
NC 


Vss 


Vss 
FD,. 


FD15 


FD16 
FD17 


FD18 


FD19 


FO,o 


vss and Vcc are the GVAC power supply pins. Vcc 
pins 
are + 5 V ± 5% 
supply 
pins. 
Vss are 
the 
ground pins. Be sure to connect all four Vss pins to 
ground and both Vcc pins to the power supply. 


Clock (2CLK): The 2CLK input must be the same 
as the 2CLK input to the ACRTC. It is usually 
supplied by the GMIC 2CLKOUT output. 2CLK is 
used for data 
transfer 
between 
the ACRTC 
and 
frame buffers and as a timing signal for display 
data input. 


Memory 
Cycle 
(MCYC): The 
MCYC 
input 


specifies 
frame 
buffer 
access by the ACRTC. 
It 
must be low when the ACRTC is in address cycle, 
and high when the ACRTC is in data cycle. MCYC 
controls the data buffers. It is usually supplied by 
the ACRTC's MCYC output. 


Memory Read (MRD): The MRD input controls 
the direction of transfers 
between the ACRTC and 


frame 
buffers. 
When 
MRD is high, the GVACs 


transfer data from the frame buffers to the ACRTC. 
When MRD is low, the GVACs transfer 
data from 


the ACRTC to the frame buffers. MRD must be held 
high during a display read data cycle. Only during a 
display cycle for superimposed 
screen data 
(dual 


access mode 1) does the ACRTC input MRD low. 
This signal is usually supplied by the MRD output. 


Display (DISP): 
The DISP input is a composite 


signal indicating 
the screen's 
horizontal 
and ver- 


tical display period. Display timing output 
(DISPl) 


is input when the ACRTC's 
DSP 
(display 
signal 


control) 
bit is set to 1. For superimposed 
display 
(dual access mode 1), DISPI 
must be input to a 


GVAC for background 
screens, while DISP2 must 


be input the window screen from the ACRTC. 


Data 
Bus 
(D7-Do): D7-D. 
are 
the 
8-bit 
data 


input/output 
for data transfer between the ACRTC 


and frame buffers. Usually, D7-D. are connected to 
8 bits of the memory 
address 
data 
bus 
(MAD.8- 


MAD.) according 
to the operation 
mode selected 


by the MODI, MODO inputs. 


Pin Number 


Siena I 
DlP-64 
PLC~8 
I/O 
Descri plion 


Vcc 
32,64 
34,68 
+5 V power supply 


Vss 
16,17, 
17,18, 
Ground 
48, 49 
51,52 


2CLK 
4 
5 
I 
Clock 


MCYC 
3 
4 
I 
Memory Cycle 


MRD 
1 
2 
I 
Memory Read 


DISP 
24 
26 
I 
Display 


DrDo 
15-8 
16-9 
I/O 
Data Bus 


MODI, 
28,27 
30,29 
I 
Operation Mode 
MODO 


AM 
22 
24 
I 
Access Mode 


DSPCYC 
2 
3 
I 
Display Cycle 


SEL2- 
7-5 
8-6 
I 
Select 
SELO 


SCKE 
25 
27 
I 
Shift Clock Enable 


SLD 
26 
28 
I 
Shift Load 


FD31- 
29-31, 
31-33, 
I/O 
FrameBuffer Data 
FDa 
33-47, 
36-50, 


50-63 
54-67 


DOTCK 
23 
25 
I 
Dot Clock 


VIDEOA- 
21-18 
23-20 
0 
Video Outputs 
VIDEOD 
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Operation 
Mode 
(MODI, 
MODO): 
The MOm 


and MODO inputs specify the length of the GVAC's 
internal video signal shift register and the operation 
mode for the control data 
bus data 
multiplexing 


between 
the ACRTC and the frame buffers. 
The 


operation 
mode setting 
is closely related 
to the 


ACRTC's graphic address increment 
mode (GAl), 
the graphic 
bit mode 
(GBM) which specifies the 


number 
of bits per pixel, and the frame 
buffer's 


access mode (ACM). These settings determine 
the 


shift 
length 
of one display 
cycle, 
and 
thus 
the 


settings for MOm 
and MODO. The GMIC's clock 
division mode 
(CDMl, CDMO) is also related 
to 


MODI 
and 
MODO. Table 2 shows how GVAC's 


operation mode is related to the ACRTC and GMIC 
settings. Other settings 
are allowed 
in a graphic 


syster with ACRTC, GMIC, GVAC, and additional 
circuits. For a description of GBM, GAl, and ACM, 
see the ACRTC User's Manual. For a description 
of 


CDM and DAM, see the GMIC Data Sheet. 


Access 
Mode 
(AM): 
The 
AM 
input 
sets 
the 


GVACs to superimposed 
display mode. When the 


ACRTC's 
access mode (ACM) set to dual access 


mode 1 (11), AM switches between two GVACs for 
background 
and superimposed 
screens. 
In single 


access mode and dual access mode 0, AM must be 
set low. In dual access mode 1, AM should be set 
low for a background 
screen GVAC, and high for a 


superimposed 
screen GVAC. 


GMIC Interface 
Signals 


Display 
Cycle 
(DSPCYC): 
The DSPCYC input 


indicates whether a display cycle has been entered. 
DSPCYC 
set 
low 
signifies 
a nondisplay 
cycle, 


during 
which data 
is transferred 
between 
frame 


buffers and the ACRTC. DSPCYC set high indicates 
a display cycle, during which data from the frame 
buffers is transferred 
to the GVACs. The display 


cycle signal 
(DSPCYC) output from the GMIC is 


used for this ir.put. 


Select 
(SEL2-SEUl): 
The 
SEL2-SELO 
inputs 


are the lower three bits of the address specifying a 
particular 
word is the frame buffers to be trans- 


ferred to the ACRTC. Since SEL2-SELO control the 
address bus connection between frame buffers and 
the ACRTC, it must be valid during a data cycle 
when 
MCYC 
is set 
high. 
The 
address 
outputs 


(ADRA-ADRC) 
from 
the 
GMIC usually 
supply 


these signals. 


Shift 
Clock 
Enable 
(SCKE): 
The SCKE input 
specifies 
the 
timing 
for 
driving 
the 
GVAC's 


parallel-to-serial 
converter 
(shift 
register) 
for 
generating video signals (VIDEOA-VIDEOD). 
The 


GVAC's perform 
serial-to-parallel 
conversion 
by 


shifting one bit of display data 
every shift clock 
cycle. Using SCKE, the GVACs generate 
a lower 


frequency 
shift clock. Extending 
one shift 
clock 


cycle this way allows zooming. The SCKE output 
from the GMIC supplies this input. 


GVAC 
ACRTC 
GMIC 


MOD 
GBM 
GAl 
ACM 
COM 
DAM 
Bits/ 
Shift 
Max Dot 


0 
1 
lO98 
654 
3 
2 
1 
0 
Pixel 
Length 
Rate(MHz) 


0 
0 
01 0 
01 0 
0 
0 
1 
0 
0 
4 
16 
64 


0 
1 


1 
0 
0 
1 
1 
4 
16 
32 


1 
1 


0 
1 
010 
o 1 1 
0 
0 
1 
1 
0 
4 
32 
64 


0 
1 


1 
0 
1 
0 
1 
4 
32 
64 


1 
1 


1 
0 
01 
1 
01 0 
0 
0 
0 
1 
0 
8 
8 
64 


0 
1 


1 
1 
011 
o 1 1 
0 
0 
1 
0 
0 
8 
16 
32 


0 
1 


1 
0 
0 
1 
1 
8 
16 
32 


1 
1 
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For systems with a superimpose 
function, 
SCKE 
must be held high for the superimposed 
window's 


GVAC (AM input high). 


Shift Load (SLD): The SLD input specifies the 
timing in which display data temporarily 
stored in 
the GVACs is supplied to the shift register. 
SLD is 
asserted for one period of the dot clock. Horizontal 
scrolling is implemented 
by shifting SLD on a dot 
clock basis during a single display cycle. SIDmust 
be asserted 
once during each display cycle 
(shift 
length). SLD is usually input from the GMIC SLDB 
output for background 
screen GVACs (AM input 
low). and SLDW for window screen GVACs (AM 
input high). 


The 
32·bit FD3.-FDo 
frame 
buffer 
data 
I/O 
bus 
transfers 
data 
between 
the 
ACRTC 
and 
frame 
buffers 
and inputs display 
data 
from 
the frame 


buffers. The 32 bits are read simultaneously from the 
frame buffer, and FD3'-FDo can be directly connected 
to the frame buffer data I/O pins. 


CRT Display Interface 


Dot Clock (DOTCK): The OOTCK input is the 
basic video signal generating 
clock. The DOTCK 


frequency 
is determined 
by the CRT 
horizontal 


resolution 
(pixel count) 
and the horizontal 
scan 


display period. This clock is usually the same signal 
applied to the GMIC OOTCK input. 


Video Outputs (VIDEOA-VIDEOD): 
VIDEOA 
-VIDEOD are the four bits output from the GVAC's 
parallel·to·serial 
conversion shift register. They are 


supplied during a display period specified 
by the 


display signal 
(DISP). 
Which outputs 
are usable 


depends 
on the operation 
mode 
(MODI, 
MODO) 


input. Table 3 shows the usable video signals and 
corresponding 
MODI and MODO signals. 


Table 3. 
Operation Mode and Video Outputs 


Mode 
Video 
Output 
Bits/ 


MODI 
MODO 
VIDEOA 
VIDEOB 
VIDEOC 
VIDEOD 
Pixel 
Shift 
Length 


0 
0 
Avail 
Not avail 
Avail 
Not avail 
4 
16 


0 
1 
Avail 
Not avail 
Not avail 
Not avail 
4 
32 


1 
0 
Avail 
Avail 
Avail 
Avail 
8 
8 


1 
1 
Avail 
Not avail 
Avail 
Not avail 
8 
16 
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Figure 2. 
GVACBlock Diagram 
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The 32-bit bidirectional 
frame memory data buffer 
consists of input and output buffers to transfer 
data 
to and from the frame buffers in response to data 
transfer 
requests from the ACRTC. 


The three·state 
output buffer is enabled only during 
a memory write cycle by memory cycle (MCYC) 
and memory read (MRD) signals from the ACRTC, 
and display cycle (DSPCYC) from the GMIC. A 32- 
bit output buffer to be enabled is selected by select 
signals 
(SEL2-SELO) 
from 
the 
GMIC 
and 
the 
operation mode (MODl, MODO) set externally. 


The 
8-bit 
input/output 
buffer 
transfers 
data 
between the ACRTC and frame buffers. 


The output buffer is a three-state 
buffer which is 
enabled 
during 
a 
frame 
buffer 
read 
cycle 
by 
memory cycle (MCYC) and memory read 
(MRD) 


signals from the ACRTC, 
and display 
cycle 
(D- 
SPCYC) from the GMIC. 


The input buffer supplies drawing 
data 
from the 
ACRTC to the frame buffers. 


The 
data 
multiplexer 
is 
a 
direct 
connection 
between 
the frame buffers 
and the data 
buffer's 


data bus which leads to the ACRTC's 
and frame 
buffer's data bus. The bus connection 
in controlled 


by select signals 
(SEL2-SELO) and the operation 


mode 
(MOm, 
MODO) set externally 
to enable 


transfer between the ACRTC and frame buffers. 


The latch recognizes a display data read cycle by 
memory cycle (MCYC) and memory read 
(MRD) 


signals from the ACRTC, and clock 
(2CLK) and 


display cycle (DSPCYC) from the GMIC, and the 
access mode 
(AM) 
input. During a display 
data 


read 
cycle. 
the 
latch 
temporarily 
stores 
32-bit 


display 
data 
input 
from 
a frame 
memory 
data 


buffer. It sends the stored data to the shift register 
for parallel-to-serial 
conversion. 


The 32-bit shift register performs parallel-to-serial 
conversion 
on display data stored in the latch to 


provide 
video 
signal 
output. 
When 
the 
latch 


receives the shift load 
(SLDB. SLOW) 
and shift 


clock enable 
(SCKE) signals 
from the GMIC, it 


feeds the display 
data 
it has stored 
to the shift 


register. 
The 
shift 
register 
supplies 
one 
bit 
of 


display data every dot clock cycle while SCKE is 
asserted. 
When the ACRTC's 
display cycle signal 
(DISP) is negated, the shift register does not output 
a video signal. 


When the GMIC shifts the timing of the shift load 
(SLDB, SLDW) output 
on a dot clock basis, the 


GVAC performs horizontal smooth scrolling. When 
the GMIC extends 
the shift 
clock enable 
signal 
(SCKE) 
based 
on 
the 
dot 
clock, 
it 
performs 


horizontal 
zoom. 
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The GVAC internal 
circuits 
perform three 
major 
functions: 


• 
Converting parallel display data read from the 
frame buffers by the ACRTC to serial from and 
delivering them to the CRT as video signals 
• 
Transferring 
data 
between 
the ACRTC 
and 


frame buffers 
• 
Zooming 
and 
horizontal 
smooth 
scrolling 


according to signals from the GMIC 


Furthermore, 
the GVACs' operation 
mode can be 


set according 
to the ACRTC's operation 
mode by 
the program 
input signals. This programmability 
makes 
the GVAC suitable 
for a wide range 
of 


applications, from slow, small systems to fast, large 
systems. 
It also 
permits 
the GVACs to accom· 
modate system specification 
changes. 


Figure 3 shows 
a graphic 
system 
configuration 
using an ACRTC, 
GMIC and GVACs. With 
the 


GMIC used for interfacing 
with frame buffers and 
the GVACs generating 
the video signals, a flexible. 


high-performance 
graphic 
system 
is constructed 


with a minimum number of parts. 


The system example 
in figure 3 uses two GVACs, 


but the number of GVACs can be varied 
to meet 
different 
CRT resolution 
and color per pixel 
(or 
grey scale) applications. 


The GVACs recognize a display data read cycle by 
decoding ACRTC output signals such as memory 
cycle 
(MCYC) 
and 
memory 
read 
(MRD) 
and 
GMIC 
output 
signals 
such 
as 
display 
cycle 


(DSPCYC). 
In the display 
data 
read 
cycle, 
the 


GVACs latch display data from the frame buffers. 
They pass the display 
data 
to the internal 
shift 
register for parallel·to-serial 
conversion 
when they 


receive the shift load signal (SLDB or SLDW) from 
the GMIC. The GVACs perform successive parallel- 
to-serial 
conversion 
synchronously 
with 
the 
dot 
clock 
when they 
receive 
the shift 
clock 
enable 


(SCKE) output from the GMIC. This generates 
the 


video signals. 


A GVAC can receive 
32-bit display 
data 
(FD31- 


FDo) 
from 
one 
frame 
buffer. 
Furthermore, 
it 
provides a connection from the ACRTC's data bus 
(D,-Do) 
to the frame buffers data bus (FD31-FDo), 


enabling direct data transfer between the two. The 
GVACs also implement horizontal 
smooth scrolling 


and zooming, controlled 
by the shift load (SLDB, 


SLDW) 
and shift 
clock 
enable 
(SCKE) 
signals 


from the GMIC. 


MADo- 


MAD,5. 
MAo- 
FAo- 
MA,a 
FA, 


HD63485 
GMIC 


MPU 


Interface 


ACRTC 


HD63484 
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The 
GVACs 
contain 
control 
circuits 
for 
bidir- 
ectional 
transfer 
between 
the ACRTC 
and frame 
buffers. To transfer 
data, the GVACs receive the 
ACRTC's 
memory 
cycle 
(MCYC) 
and 
memory 
read (MRD) signals, and the GMIC's display cycle 
(DSPCYC) . 
From 
these 
signals, 
the 
GVACs 
recognize 
a drawing 
data transfer 
cycle. Connec- 
tion between the ACRTC's data bus and the frame 
buffer's data bus is controlled by the select signals 
(SEL2-SELO) 
from the GMIC and the operation 
mode (MOm, 
MODO) inputs. 


The 
GVACs recognize 
a nondisplay 
cycle when 
DSPCYC is low. In nondisplay 
cycles, 
the data 
transfer 
direction 
is determined 
by the 
memory 


read 
signal 
(MRD). 
MRD high signifies 
a read 
cycle to transfer 
data 
from frame buffers 
to the 
ACRTC. 
MRD 
low 
signifies 
a 
write 
cycle 
to 
transfer data from the ACRTC to the frame buffers. 
Timing for the data transfer 
is determined 
~y the 


MCYC input. When MCYC is high, frame buffers or 
the ACRTC three-state 
output buffers are enabled 


for transfer. 


Drawing 
Write 
Cycle: 
The GVACs recog:lize a 


drawing write cycle when both DSPCYC and MRD 
are low. Figure 4 shows the timing for a drawing 
write cycle. 


When MCYC is high during this cycle, the GVACs 
enable the frame memory data buffer, and output 
data from the ACRTC one word at a time to the 
frame 
buffers, 
based 
on 
the 
operation 
mode 


(MOm, MODO) inputs and the select signals (SEL2 
-SELO) from the GMIC. Table 4 shows the con- 
nections between FD and D pins when MODI and 
MODO are set to 00. When SEL2-SELO are set to 
000 Do-D, from the ACRTC are output to FDo-FD" 
D,-D, are output to FD16-FD'9' 
and the other FD 


pins 
are 
high-impedance. 
Table 5-7 
show 
the 


relation of D to FD in other modes. 


2CLK , 
I 
\ 


MCYC , 
I 


DSPCYC , 


MRD , 


SELO-SEL2 ::x 


I 
L 


L 


C 


C 


C 


~ 


}- 


Figure 
4. 
Drawing 
Write 
Cycle 
(ACRTC 
[MAD] 
-+ [0] 
GVAC 
[FO] 
-+ Frame 
buffers) 
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Table 4. 
Connection Between D and FD Pins, Drawing Cycle, MODI, MODO= 00 (4 Bits/Pixel, 
16-Bit Shift Mode) 


SEL2-SELO 
00 
01 


000 
FDo 
FDI 


001 
FD4 
FD5 


010 
FDs 
FD9 


011 
FDl2 
FDl3 


100-111 


FDl7 


FD21 


FD25 


FD29 


FDl9 


FD23 


FD27 


FD31 


FDll 


FDl5 


FD20 


FD24 


FD2S 


Not used 


Table 5. 
Connection Between D and FD Pins, Drawing Cycle, MODI, MODO= 01 (4 Bits/Pixel, 
32·Bit Shift Mode) 


SEL2-SELO 
00 
01 
02 
03 
D4 
05 
D6 
07 


000 
FDo 
FDI 
FD2 
FD3 
NC 
NC 
NC 
NC 


001 
FD4 
FD5 
FD6 
FD7 
NC 
NC 
NC 
NC 


010 
FDs 
FD9 
FDIO 
FDll 
NC 
NC 
NC 
NC 


011 
FDl2 
FD13 
FDl4 
FDl5 
NC 
NC 
NC 
NC 


100 
FDl6 
FDl7 
FDIS 
FD19 
NC 
NC 
NC 
NC 


101 
FD20 
FD21 
FD22 
FD23 
NC 
NC 
NC 
NC 


110 
FD24 
FD25 
FD26 
FD27 
NC 
NC 
NC 
NC 


111 
FD2S 
FD29 
FD30 
FD31 
NC 
NC 
NC 
NC 


Note: 
All othe< FD pins 
high 
inpedance 


NC = No connection 


Table 6. 
Connection Between D and FD Pins, Drawing Cycle, MODI, MODO= 10 (8 Bits/Pixel, 
8·Bit Shift Mode) 


SEL2-SELO 
DO 


000 
FDo 


001 
FD2 


010 
FD4 


011 
FD6 


FDl7 


FDl9 


FD21 


FD23 


FD24 


FD26 


FD2S 


FD30 


FD25 


FD27 


FD29 


FD31 


Table 7. 
Connection Between D and FD Pins, Drawing Cycle, MOD, MOD = 11 (8 Bits/Pixel, 
16-Bit Shift Mode) 


SEL2-SELO 
DO 
01 
02 
03 
D4 
05 
D6 
07 


000 
FDo 
FDI 
NC 
NC 
FDl6 
FDl7 
NC 
NC 


001 
FD2 
FD3 
NC 
NC 
FDIS 
FDl9 
NC 
NC 


010 
FD4 
FD5 
NC 
NC 
FD20 
FD21 
NC 
NC 


011 
FD6 
FD7 
NC 
NC 
FD22 
FD23 
NC 
NC 


100 
FDs 
FD9 
NC 
NC 
FD24 
FD25 
NC 
NC 


101 
FDIO 
FDll 
NC 
NC 
FD26 
FD27 
NC 
NC 


110 
FDl2 
FD13 
NC 
NC 
FD2S 
FD29 
NC 
NC 


111 
FDl4 
FDl5 
NC 
NC 
FD30 
FD31 
NC 
NC 


Note: 
All other 
FD pins 
high 
impedance. 


NC = No connection 
~HITACHI 
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FDlO 


FDl2 


FDl4 
FD22 


Not used 


Drawing Read Cycle: The GVACs recognize 
a 
drawing read cycle when DSPCYC is low and MRD 
is high. Figure 5 shows the timing 
for a drawing 
read cycle. 


When MCYC is high during this cycle, the GVACs 
enable the data buffer (D7-Do) for the ACRTC and 
output a word from the frame buffers selected by 
the operation mode (MODI, MODO) inputs and the 
select signals (SEL2-SELO) from the GMIC. Table 
4 shows the connections 
between 
FD and D pins 


when MODI and MODO are set to 00. When SEL2- 
SELO are set to 000, data from FDo-FD, from the 
ACRTC are output to Do-D" data from FD'6-FD,. 
are output to D,-D7, and the other FD pins cannot 


be used. Table 5-7 show the relation of D to FD in 
other modes. D pins which are not connected 
(NC) 


must be held high by pull-up resistors. 


The GVACs allow three shift modes to be selected 
externally 
through 
the 
operation 
mode 
pins 
(MODI, MODO). The number 
of GVACs used is 


determined 
by the selected shift mode, graphic 
bit 


mode (GBM) which sets ACRTC bits per pixel, and 
graphic address increment mode (GAl) which sets 
the number of display data bit read from the frame 
buffers simultaneously (Table 8). 


2CLK 
\ 
I 
\ 
I 
L 


MCYC 
\ 
I 
L 


oSPCYC 
\ 
C 


MRo 
:.J 
C 


SELO-SEL2 ::l 
C 


Foo-F03, 
:J 
)- 


00-07 
:J 
( 
)- 


Figure 5. 
Drawing Read Cycle 
(Frame buffer ...•[FD) GVAC [D) ...•ACRTC [MAD) 
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TableS. 
Number of GVAC's 


ACRTC 
GVAC 
--- 
GBM 
GAl 
MOD 
Bits/ 
Words 
Bits 
Shift 
Number 
of 
1>98 
654 
1 
0 
Pixel 
Read 
Read 
Length 
GVACs 


000 
000 
0 
0 
1 
1 
16 
16 
1 (2) * 


001 
0 
1 
1 
2 
32 
32 
2 (4) * 


001 
000 
1 
0 
2 
1 
16 
8 
1 (2) * 


001 
0 
0 
2 
2 
32 
16 
1 (2) * 


010 
0 
1 
2 
4 
64 
32 
2 (4)* 


010 
001 
1 
0 
4 
2 
32 
8 
1 (2) * 


010 
0 
0 
4 
4 
64 
16 
2 (4) 


01 
1 
0 
1 
4 
8 
128 
32 
4 (8) 


01 
1 
010 
1 
0 
8 
4 
64 
8 
2 (4) 


01 
1 
1 
1 
8 
8 
128 
16 
4 (8) 


100 
01 
1 
1 
0 
16 
8 
128 
8 
4 (8)* 


Notes: 
I. 
'Indicates that data transfers betweenframe buffers and the ACRTCrequiresexternal circuits sincethe GVACsto ACRTCdata transfer 
function cannot be used directly. 


2. 
Parenthesizedvalues are the number of GVACsrequired for superimpose mode (dual access mode 1) applications. 


H063484 


ACRTC 


H063486 


GVAC1 


HM50464 


Frame 
buffers 


Plane ° 


A 
03-00 
Data 
A 
FO,s-FOo 
" 
MAD 
0, 4, 8,12 
multiplexer 
'I 
" 
. 
" 


A 
07-0. 
" 
Data 
IA 
F03,-FO'6 
" 
Plane 
1 
MAD 
1,5,9,13 
multiplexer 
I~ 
y 
~ 
" 


H063486 


GVAC2 


Plane 
2 


A 
03-00 
~ 
MAD 
2, 
6,10,14 
Data 
A 
FO,s-FOo 
" 
~ 
" 
multiplexer 
~ 


A 
07-0. 
" 
Data 
F03,-FO'6 
~ 
Plane 
3 
MAD 
3, 
7, 
11, 
15 
multiplexer 
~ 
" 
'I 
" 
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Figure 6 illustrates 
the data 
pin connection 
with 


MODl, MODO set to 00. In this mode, one pixel 
consists of 4 bits, and four words (64 bits) are read 
from the frame buffers at one time. 


ACRTC 
Display 
Data 
Bit Configuration: 
The 
ACRTC handles display data on a pixel basis, the 
ACRTC's 
mimimum 
unit. The ACRTC 
transfers 
data on a word (l6·bit) 
basis. One memory 
word 


can consist of one or more pixels. The ACRTC's 
graphic bit mode (GBM) selects one of five types of 
pixel count. The GVAC'sdirectly support data transfers 
of 4 bits or 8 bits per pixel. In 4 bit/pixel mode, 16colors 
or shades of grey can be implemented at one time. In 8 
bit/pixel mode, 256 colors or 256 shades of grey can be 
realized. Figure 7 shows pixel data processed by the 
ACRTC depending on operation mode pin 1 (MODI). 
For details on the graphic bit mode, see the ACRTC 
User's Manual, 5.5.6 Graphic Bit Mode. 


GVAC and Graphic 
Data: The GVAC'smust be con- 


nected 
to handle 
data 
on a one-pixel 
bit plane 


basis. 
Table 9 shows 
the 
relationshio 
between 


operation mode 1 (MODI), pixel number, bit plane 
number, and ACRTC data. 


Connection 
Between 
GV ACs 
and 
ACRTC: 


The 
connection 
to the ACRTC 
depends 
on the 


operation 
mode 
(MODl, MODO). Table 10 shows 


the connection 
with 
MODI, 
MODO = 00. In this 


mode, each pixel is four bits. GVAC1 handles bit 
planes 0 and 1, and GVAC2 handles 
bit planes 2 


and3. The 
connec;.tion between 
the ACRTC 
and 


GVAC's is determined by bit plane number and pixel 
number for one word from the ACRTC. In Table 9, 
for example, ACRTC pin MADO corresponds 
to bit 


plane 0 for pixel number O.From table 10, therefore, 
bit plane number 0 for GVACI is connected 
to pin 


Dofor pixel number 1. Connection to the ACRTC in 
other modes are shown in Table 11-13. 


MODI 
ACRTC 
15 I 14 I 13 I 12 
11 110 I 9 
I 8 
7 
161 
5 
I 4 
3 
I 2 
I 
1 I 0 


0 
Pixel 
No. 
3 
2 
1 
0 


Bit Plane 
No. 
3 
2 
1 
0 
3 
2 
1 
0 
3 
2 
1 
0 
3 
2 
1 
0 


1 
Pixel 
No. 
1 
0 


Bit Plane 
No. 
7 
6 
5 
4 
3 
2 
1 
0 
7 
6 
5 
4 
3 
2 
1 
0 


bit 15 


MOD1="0· I_I 
~ 
_ 
bit 0 
I 


bit 15 


MOD1 =T I::::::=::=::=::=::=::=:= 


bit 0 
I 
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Table 10. 
ACRTC and GVAC Pin Connection, 
MODI, MODO= 00 (4 Bits/Pixel, 
16·Bit Shift 


Mode) 


MAD 


Connection 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Pin Connection 
07 
03 
07 
03 
06 
06 
06 
02 
05 
01 
05 
01 
04 
Do 
04 
Do 


GVAC 
2 
2 
1 
1 
2 
2 
1 
1 
2 
2 
1 
1 
2 
2 
1 
1 


Pixel 
Number 
3 
3 
3 
3 
2 
2 
2 
2 
1 
1 
1 
1 
0 
0 
0 
0 


Bit Plane 
3 
2 
1 
0 
3 
2 
1 
0 
3 
2 
1 
0 
3 
2 
1 
0 


Frame 
Buffer 
3 
3 
3 
3 
2 
2 
2 
2 
1 
1 
1 
0 
0 
0 
0 


Pixel 
Number 


Table 11. 
ACRTC and GVAC Pin Connection, 
MODI, MODO= 01 (4 Bits/Pixel, 
32·Bit Shift 


Mode) 


MAD 
Connection 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Pin Connection 
03 
03 
03 
03 
02 
02 
02 
02 
01 
01 
01 
01 
Do 
Do 
Do 
Do 


GVAC 
4 
3 
2 
1 
4 
3 
2 
1 
4 
3 
2 
1 
4 
3 
2 
1 


Pixel 
Number 
3 
3 
3 
3 
2 
2 
2 
2 
1 
1 
1 
1 
0 
0 
0 
0 


Bit Plane 
3 
2 
1 
0 
3 
2 
1 
0 
3 
2 
1 
0 
3 
2 
1 
0 


Frame 
Buffer 
3 
3 
3 
3 
2 
2 
2 
2 
1 
1 
1 
1 
0 
0 
0 
0 


Pixel 
Number 


Note: 
07-0. 
cannot 
used in this mode 


Table 12. 
ACRTC and GVAC Pin Connection, 
MODI, MODO= 10 (8 Bits/Pixel, 
8-Bit Shift 


Mode) 


MAD 


Connection 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Pin Connection 
07 
05 
03 
01 
07 
05 
03 
01 
06 
04 
02 
Do 
06 
04 
02 
Do 


GVAC 
2 
2 
2 
2 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 


Pixel 
Number 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 


Bit Plane 
7 
6 
5 
4 
3 
2 
1 
0 
7 
6 
5 
4 
3 
2 
1 
0 


Frame 
Buffer 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 


Pixel 
Number 


Table 13. 
ACRTC and GVAC Pin Connection, 
MODI, MODO= 11 (8-Bits/Pixel, 
16·Bit Shift 


Mode) 


MAD 
Connection 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Pin Connection 
05 
01 
05 
01 
05 
01 
05 
01 
04 
Do 
04 
Do 
04 
Do 
04 
Do 


GVAC 
4 
4 
3 
3 
2 
2 
1 
4 
4 
3 
3 
2 
2 
1 
1 


Pixel 
Number 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 


Bit Plane 
7 
6 
5 
4 
3 
2 
0 
7 
6 
5 
4 
3 
2 
1 
0 


Frame 
Buffer 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 


Pixel 
Number 


Note: 07, 06, 03, 02 cannot be used in this mode 
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Connection 
Between 
Frame 
Buffers 
and 


GVACs: 
Like the connection to the ACRTC, the 
data connection to the frame buffers is made on the 
basis of a bit plane consisting 
of one word, se- 
quentially 
from the lower pixel address. 
Table 14 
shows pixel number for the frame buffer's word (16 
bits) vs bit plane number for one pixel in relation to 
operation 
mode 1 (MODI). 


and frame buffers with MODI, MODO = 00. In this 
mode, the 
ACRTC's 
graphic 
address 
increment 
(GAl) 
is set 
to +4 mode, 
and 
4-word 
data 
is 


simultaneously 
read' 
from 
the 
frame 
buffers. 


GVAC1 handles 
bit planes 0 and I, and GVAC2 


handles bit planes 2 and 3. For example, pin FDo of 
GVAC1 is connected to a data pin of pixel number 
o of 
the 
n + 0 address 
of 
bit 
plane 
number O. 


Connections in other modes are shown in tables 16- 
18. 


One word of frame buffer 


Pixel Number 


MODI 
15 


D 
Bit Plane No. 
3 


Pixel No. 


Bit Plane No. 
7 
6 
5 
4 
3 
2 
D 
7 
6 
5 
4 
3 
2 


Pixel No. 
D 


Table 
15. 
GVAC 
and 
Frame 
Buffer 
Pin 
Connection, 
MODI, 
MODO = 00 (4 Bits/Pixel, 
16-Bit 


Shift 
Mode) 


F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 


GVAC 
o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 ODD 
0 0 0 0 0 0 0 0 
0 


31 30 2928 
27 26 2524 
2322 
21 20 19 18 17 16 15 14 1312 
11 10 9 
8 7 
6 
5 4 3 
2 
1 0 


8it PlaneNo. 
1 
0 


1 
PixelNo. 
312 
110 
312 
110 
312 
110 
312 
1 o 3 2 
1 o 3 2 
1 o 3 2 
1 o 3 2 
1 0 


Wcxd Address 
n+3 
n+2 
n+l 
n+O 
n+3 
n+2 
n+l 
n+O 
8it PlaneNo. 
3 
2 
2 
PixelNo. 
312 
110 
312 
110 
312 
110 
312 
1 0 312 
110 
312 
110 
312 
110 
312 
110 


Word Address 
n+3 
n+2 
n+l 
n+O 
n+3 
n+2 
n+l 
n+O 


Table 
16. 
GVAC 
and 
Frame 
Buffer 
Pin 
Connection, 
MODI, 
MODO = 01 (4 Bits/Pixel, 
32.Bit 


Shift 
Mode) 


F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 


GVAC 
0 0 0 ODD 
D 0 
D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ODD 
0 ODD 


31 30 29 28 27 26 25 24 23 22 21 2019 
18 17 16 15 14 13 12 11 10 9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Bit PlaneNo. 


PixelNo. 


Word Address 
Bit PlaneNo. 
PixelNo. 


Word Address 


Bit PlaneNo. 
PixelNo. 
Word Address 
Bit PlaneNo. 


4 
PixelNo. 
Word Address 
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A GVAC performs parallel-to-serial conversion on 
32-bit data read from frame buffers using the shift 
register, and produces 4·bit video signals (VIDEOA 
-VIDEOD). 


The GVAC recognizes the cycle in which display 
data is read from frame buffers by memory cycle 
(MCYC) and memory read (MRD) signals from 
the ACRTC, display cycle (DSPCYC) from GMIC, 
and access mode (AM) signal externally set. The 
GVAC then latches 32·bit data supplied from FDo- 
FD31 pins. 


The latched display data is fed to the shift register 
on the falling edge of the dot clock (DOTCK) when 
the shift load (SLD) input is asserted. This data is 
then shifted on the falling edge of the dot clock 
(DOTCK) 
when shift clock 
enable 
(SCKE) 
is 


asserted. 


As seen in figure 8, 32·bit display data 
is output 
sequentially to four video signal pins one bit by one 
bit per dot clock (DOTCK). 


• 
VIDEOA: 32bits of FDo-FD31 


• 
VIDEOS: 24bits of FD.-FD31 
• 
VIDEOC: 16bits of FD,.-FD31 


• 
VIDEOD: 8 bits of FD,,-FD31 


Using the display timing signal (DISP) from the 
ACRTC, 4-pit shift register 
output data 
can be 


masked. 
That 
is, while DISP is asserted, 
shift 


register output is provided as video signals, and 
while it is negated, shift register output is held low, 
and video signals are not output. The 
required 


number of dot cycles per display cycle is the same 
as the shift length value set by the operation mode 
(MODI, MODO). 


Table 19 shows the dot clock 
cycle count 
per 


display cycle vs operation mode (MOD!, MODO). 


Table 17. GVAC and Frame Buffer Pin Connection, MODI, MODO= 10 (8Bits/Pixel, 
8·Bit 
Shift Mode) 


F F F F F F F F F F F F F F F 
F F F F F F F F F 
F F F F F F 
F F 
GVAC 
o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 ODD 
0 
0 
0 
0 
0 
0 
0 
0 
0 
31 30 2928 27 26 2524 2322 21 20 19 18 17 16 1514 13 12 11 10 9 
8 
7 6 
5 4 3 
2 
1 0 


Bit Plane No. 
3 
2 
1 
0 


1 
Pixel No. 
110 
110 
1 o 
110 
110 
110 
110 
110 
110 
110 
1101110 
1101110Tl 
oTl 
0 


Word Address 
n+3 
n+2 
n+l 
n+O 
n+3 
n+2 
n+l 
n+O 
n+3 
n+2 
n+lln+O 
n+3Tn+2Tn+ 
lTn+O 


Bit Plane No. 
7 
6 
5 
4 


2 
Pixel No. 
110 
110 
110 
110 
110 
110 
110 
1 0 
1 0 
101 
0 
1 0 
1 OTl 
OTl 
oTl 
0 


Word Address 
n+3 
n+2 
n+l 
n+O 
n+3 
n+2 
n+l 
n+O 
n+3 
n+2 
n+l 
n+O 
n+31 n+21 n+ lTn+O 


Table 18. GVAC and Frame Buffer Pin Connection, MODI, MODO= 11 (8Bits/Pixel, 
16-Bit 


Shift Mode) 


F F F F F F F F F F F F F F F F F F F F F F F F F F 
F F F F F F 


GVAC 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


31 30 29 28 27262524232221 
20 19 18 17 16 15 14 13 12 11 10 9 
8 
7 
6 
5 
4 
3 
2 
1 0 


Bit Plane No. 


Pixel No. 


Word Address 


Bit Plane No. 
2 
Pixel No. 
Word Address 


Bit Plane No. 


3 
Pixel No. 
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Figure 9, 10 and 
11 show ACRTC 
frame 
buffer 
access vs video outputs in single access mode, dual 
access 
mode 0, and 
dual 
access 
mode 1. Super- 
imposed display in dual access mode 1 requires that 
the window smooth scroll input (WSS) be high. 


The 
GVAC 
provides 
display 
data 
output 
se- 
quentially 
from 
four 
video 
outputs 
VIDEOA- 
VIDEOD synchronously 
with the dot clock while 
the shift clock enable 
input 
(SCKE) 
is asserted. 


Figure 12 shows the video signals output in GMIC 
divide-by-16 mode, GVAC's MODI, MODO= 01,32- 


bit shift mode. When shift load (SLD) is asserted, 
display data (FD3.-FD.) 
is sent to the shift register 


at the rising edge of the dot clock 
(DOTCK) 
to 


provide 
the 
sequential 
outputs. 
That 
is, video 


output 
A (VIDEOA) 
receives 
sequential 
outputs 


starting with FD., and the other video pins receive 
display data 
likewise. 
Figure 13 shows the video 


signals output in GMIC divide-by-4 mode, GVAC in 
16-bit shift mode, and the ACRTC set in dual access 
mode O.Figure 14 shows video outputs in the 8·bit 
shift mode, with the other conditions the same as in 
figure 13. 
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Figure 14. Video Signal Output (S·Dot Shift) 


The GVAC performs horizontal smooth scrolling 
when the assertion period of the shift load signal 
(SLD) is shifted on a dot clock basis. Table 20 
shows horizontal smooth scroll dot count vs shift 
amount for the shift load signal (SLD) in units of 
one dot clock cycle. Smooth scrolling 
is easily 


implemented by specifying the ACRTC's horizontal 
smooth 
scrolling 
dot 
(HSD) 
and 
sending 
the 
GMIC's SLDB/SLDW signal to the GVAC. HSD 
and SLDB/SLDW 
are discussed in the ACRTC 
User's Manual, and GMIC Data Sheet respectively. 


Figure 
15-18 illustrate 
video signal outputs 
for 
smooth scrolling vs frame buffer access in each 
mode. Video output start timing for display data is 
shifted corresponding to the shifted assertion of the 
HSD input. This video signal output is ANDed with 
the display timing signal (DISP) and two· memory- 
cycle delayed (a signal indicating the output enable 


period for the video pins). Therefore, 
the video 


output signal of display data 
read 
from frame 


buffers by the first display amount. In the last 
display cycle of a raster, 
accessed display data 


output bits corresponding to the scrolling amount 
are displayed, and the remaining bits are removed. 


Video signals for zooming are obtained when the 
period of the shift clock corresponding to the dot 
clock is extended by the shift clock enable (SCKE) 
input. The ACRTC specifies the zoom scale (HZ3- 
HZO), and the GMIC outputs the SCKE control 
signal according to the specified zoom scale. SCKE 
is sent 
to the GVACs to 
implement 
zooming. 


Figures 15-17 show zoom display timing for each 
mode. In figure 15,quadruple zoom is performed by 
applying the shift clock enable (SCKE) once during 
the four·cycle dot clock (DOTCK). 


Table 20. 
Horizontal Smooth Scroll Amount and SLD Cycle Count 


MOD 
Dot count for horizontal 
smooth scroll 
Shift 


1 
0 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
leneth 


0 
0 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


0 
1 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
32 


1 
0 
0 
1 
2 
3 
4 
5 
6 
7 
Cannot be used 
8 


1 
1 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


MOO 
Dot count for horizontal smooth scroll 
Shift 


1 
0 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
length 


0 
0 
Cannot be used 
6 


0 
1 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 


1 
0 
Cannot be used 
8 


1 
1 
Cannot be used 
16 
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Absolute Maximum Ratings 


Item 


Supply 
voltage 


Input 
voltage 


Output 
voltage 


Operating 
temperature 


Storage 
temperature 


(All 
voltages 
referenced 
to 
V ss = 0 V) 


Symbol 
Rating 


Vcc 
-0.3 
to + 7.0 


'Vin 


You! 


Topr 


Tstr 


-0.3 
to Vcc +0.3 


5.5 
o to +70 


-55 
to +150 


Unit 


V 


V 


V 


'C 


'C 


Notes: 
Using an LSIbeyond its maximumratings may result in its permanentdestruction. LSI's should usually be operated under the recommended 
operating conditions. Exceedingany of these conditions may adversely allect its reliabity. 


Recommended Operating Conditions 
(All 
voltages 
referenced 
to 
V ss = 0 V) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Supply 
voltage 
Vcc 
4.75 
5.00 
5.25 
V 


Input 
voltage 
low 
VIL 
0 
0.7 
V 


Input 
voltage 
high 
VIH 
2.2 
Vcc 
V 


Operating 
temperature 
Topr 
0 
25 
70 
'C 
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DC Characteristics 
(Vcc = 5.0V ± 5%, Vss = OV, Ta = O'C to +70'C, 
unless otherwise 
noted) 


Item 
Symbol 
Min 
Max 
Unit 
Test Condition 


Input voltage high 
VIH 
2.2 
Vcc 
V 


Input voltage low 
Vil 
-0.3 
0.7 
V 


Input clamp voltage 
VI 
-1.5 
V 
Vcc = 4.75 V. lin = -18 
mA 


Output voltage high 
VOH 
2.7 
V 
Vcc = 4.75 V. IOH= -400 
mA 


Output voltage low 
VOL 
0.5 
V 
Vcc = 4.75 V. 10l = 8 mA 


Input current high 
hH 
20 
pA 
Vcc = 5.25 V. VI = 2.7 V 


Input current low 
hl 
-400 
pA 
Vcc = 5.25 V. VI = 0.4 V 


Output short circuit current 
los 
-40 
-120 
mA 
Vcc = 5.25 V 


Current consumption 
Icc 
160 
mA 
Vcc = 5.25 V 


Input capacitance 
Cin 
10 
pF 


Off-state output current 
DrDo. 
10zH 
20 
pA 
Vcc = 5.25 V, Vo = 2.7 V 


FD31-FDo 
lozl 
-20 
pA 
Vcc = 5.25 V, Vo = 0.4 V 


AC Characteristics 
(Vcc = 5.0 V ± 5%, Vss = 0 V, Ta = O'C to +70'C) 


32 MHz 
48 MHz 
64 MHz 


DOTCK operation frequency 
f 
32 
48 
64 
MHz 


<D 
DOTCK cycle time 
tc 
31.3 
20.8 
15.6 
ns 
18 


CZl 
DOTCK high level pulse width 
tHW 
12 
9 
6 
ns 


CID 
DOTCK low level pulse width 
tlw 
12 
9 
6 
ns 


@ 
DOTCK rise time 
tR 
5 
5 
5 
ns 


® 
DOTCK fall time 
tF 
5 
5 
5 
ns 


® 
SCKE setup time 
tSCKS 
6 
2 
0 
ns 


(]) 
SCKE hold time 
tSCKH 
5 
5 
5 
ns 


® 
SlD setup time 
tSlOS 
6 
2 
0 
ns 


® 
SlD hold time 
tSlDH 
3 
3 
3 
ns 


@ 
VIDEO delay time 
tVD 
3 
24 
3 
17 
3 
14 
ns 


@ 
2ClK setup time 
tZCKS 
6 
2 
0 
ns 
19-21 


@ 
MCYC setup time 
tMCYCS 
30 
30 
30 
ns 


@ 
MCYC hold time 
tMCYCH 
0 
0 
0 
ns 
® 
FD three!state recovery time 
tFDR 
5 
5 
5 
ns 
20 


® 
FD setup time 
tFDS 
30 
30 
30 
ns 
21 


@ 
FD hold time 
tFDH 
5 
5 
5 
ns 
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No 
Item 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Figure 


@ o three 
state 
recovery 
time 
tOR 
5 
5 
5 
ns 
19 


@ o hold time 
tOH 
5 
5 
5 
ns 


@ 
FD delay 
time 
from 
0 
tFOOLY 
30 
30 
18 
ns 
20 


®! o delay 
time 
from 
FD 
tOOLY 
30 
30 
18 
ns 
19 


@ 
SEL setup 
time 
tSELS 
10 
10 
10 
ns 
19,20 


@ 
SEL hold time 
tSELH 
5 
5 
5 
ns 


@ 
DSPCYC 
setup 
time 
tosps 
20 
20 
20 
ns 
19-21 


@ 
DSPCYC 
hold time 
tOSPH 
5 
5 
5 
ns 


@ 
MRD 
setup 
tMROS 
20 
20 
20 
ns 


@ 
MRD 
hold time 
tMROH 
10 
10 
10 
ns 


® 
DISP 
setup 
time 
tOISPS 
20 
20 
20 
ns 
21 
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HD68562 
DUSCC (Dual Universal Serial 
Communications 
Controller) 
-ADVANCE 
INFORMATION- 
The HD68562 Dual Universal Serial Communications 
Con- 


troller 
(DUSCC) transforms 
parallel data which is transferred 


from central processing unit into serial data. It is a single chip 
MOS-LSI communications 
device designed to be a foundation 


of universal high-performance 
data-communication 
subsystems, 


particularly for the 68000 family microprocessors. 
The DUSCC provides two independent, 
multi-protocol, 
full 
duplex receiver/transmitter 
channels in a single package. Since 
the DUSCC supports a wide range of protocols, it handles data 
communications 
with the minimum intervention, 
usually just a 
few commands 
from its host processor. The controller's 
data 
rate is maximum 4M bits/s which meets the requirement of the 
presently 
most 
powerful 
systems. 
A 
high-speed, 
high-per- 
formance 
communication 
system is realized with 
minimum 


extemallogic 
at low cost through a variety of functions provid- 
ed by the chip: 
l6-bit multi-function 
counter/timer, 
a digital 
phase locked loop (DPLL), a parity/CRC generator and checker, 
and baud rate generator. 


The 
DUSCC is useful 
for communication 
between 
host 
computer 
and terminals, electric mail, VIDEOTEX, local area 


network 
(LAN), communications network among personal com- 


puters, etc. 


• FEATURES 
• 
Channel data rate: 4M bps maximum 
• 
ReceiverlTransmitter: 
Two channels, 
dual full-duplex 
syn- 


synch ronous/ asynchronous 


• 
Multi-protocol 
BOP (Bit Oriented Protocol) 
operation: 
BCP (Byte Controlled Protocol) 
COP (Character Oriented Protocol) 
ASYNC (Asynchronous) 
• 
High data transfer efficiency: 
Four-character 
receiver/trans- 
mitter FIFOs 
• 
Parity 
and 
FCS (Frame 
Check Sequence): 
VRC, LRC-8, 
CRC-16, CRC·CCITT 
• 
Programmable 
data encoding/decoding: 
NRZ, NRZI, FMO, 
FM1. Manchester 
• 
DMA interface: 
Compatible 
with 
Hitachi 
HD68450/HD- 
63450 DMAC and other DMA controllers 
• 
Multi-function 
programmable 
16-bit C/T: 
Baud rate gener- 
ator, etc. 


• 
Clock oscillator: On·chip oscillator for crystal 
• 
Power supply: 
Single +5V 


lACK 
1 
Voo 
A3 
2 
Ao 


A2 ~ 
4 
As 


Al 
4 
4 
A6 
RTXDAKB/GPI1B ~ 
4 
RTXDAKA/GPI1A 
IRQ. 
X,/CLK 


RESET 
7 
X2" DC 


RTSB/SYNOUTB 8 
4' RTSA/SYN6lJ'fA 


TRXCB::r; 
TRXCA 


RTXCB 1 
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DCDB/SYNIB ~1 
DCDA/SYNIA 
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RXDA 
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TXDAKB/GPi2ii 
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RTXDROA/GP01A 


TXDRQB/GP02B/RTSB I 
TXDROA/GP02A1RTS7 
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CTSA/LCA 
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06 
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01 


Os 
2 
O2 


04 
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DTACK~2 
DONE 
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Item 
FUNCTION 


Maximum 
operating 
frequency 
4 MHz 


Maximum 
data transfer 
rate 
4 Mbits/s 


Data length 
5·8 bits 


Bus interface 
Compatible 
with 
HD68000 
(B bits bus) 


FIFO 
4 bytes for each receiver/transmitter 


Number 
of channels 
2 channels 


Error check 
Parity. framing. 
over run. under run. FCS 


Channel mode 
Half-duplex. 
full-duplex. 
auto-echo. 
local loopback 


Data transfer 
mode 
Polled. interrupt. 
DMA. wait 


Protocol 
operation 
ASYNC 
: 5-8 bits plus optional 
parity 


COP 
: BISYNC. 
X.21 


BCP 
: DDCMP 


BOP 
: HDLC/ADCCP. 
SDLC. SDLC Loop. 
Link 
Level. 


X.75 
Link 
Level 


Baud rate generator 
Built-in 


Selection 
of baud rate 
(1) 
16 fixed 
rates: 50 to 38.4K 
baud. 


(2) 
Optional 
baud rate by timer. 


Encoding/Decoding 
NRZ. NRZI. 
FMO. FM1. Manchester 


Digital 
phase locked loop 
Built-in 


DMA 
interface 
Compatible 
with 
HD68450/HD63450 
Half or full duplex 
operation 
Single or dual address data transfer 


Interrupt 
capabilities 
(1) 
Daisy chain option 


(2) 
Vector 
output 
(fixed or modified 
by status) 


(3) 
Maskable interrupt 
conditions 


(4) 
Programmable 
internal 
priorities 


Model control 
RTS. CTS. DCD 
Four general purpose 
I/O pins per channel 


16-bit counter 
timer 
Built-in 


Oscillator 
Built-in 


Package 
Ceramic DIP 48-pin 


Power supply 
5V ± 10% 
Ta = 0 to 70°C 


Power dissipation 
Typ.l 
W 
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TXOA 
TXOB 
RXOB 
RXOA 


MODEM 
AND G.P. 
CONTROL 


RTXCA 


TRXCA 


RTXCB 
TRXCB 


Xl/ClK 


X2/iDl: 


RTXOROAIGP01A 


RTXOROB/GP01 
B 


~/GP02A/l'i'fSA 
TXO ROB/GPQ2A"/1'ITSB 
RTXOAKA/GPll 
A 


RTXOAKB/Gi'iTB 
TXOAKA/llPm 
TXOAKB/lll'T2tl 
OTC 
DONE 


MPU 


H06BOOO 


DMAC 


HD68460 


HD63450 
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HD63645F/HD64645F 
LCD Timing Controller (LCTC) 


Description 


The HD63645FIHD64645F 
LCTC is a control LSI 
for large size dot matrix liquid crystal displays. 
The LCTC is software compatible with the HD6845 
CRTC, since its programming method of internal 
registers and memory addresses is based on the 
CRTC. A display system can be easily converted 
from a CRT to an LCD. 


The LCTC offers a variety of functions and per- 
formance features such as vertical and horizontal 
scrolling, and various types of character 
attribute 
functions such as reverse video, blinking, nondis- 
play (white or black), 
and an OR function for 


simple superimposition of character 
and graphic 
displays. The LCTC also provides DRAM refresh 
address output. 


A compact LCD system with a large screen can be 
configured 
by 
connecting 
the 
LCTC 
with 
the 
HD61104 (column driver) and the HD61105 (com- 
mon driver) 
by utilizing 4-bit x 2 data outputs. 


Power dissipation has been lowered by adopting the 
CMOS process. 


• 
Software compatible with the HD6845 CRTC 
• 
Programmable screen size: 
-Up 
to 1024dots (height) 


-Up 
to 4096dots (width) 


• 
High-speed data transfer: 
-Up 
to 20 Mbitslsec in character mode 


-Up 
to 40 Mbits/sec in graphic mode 
• 
Selectable single or dual screen configuration 
• 
Programmable multiplexing duty ratio: 
static 


to 1/512 duty cycle 
• 
Programmable character font: 
-1-32dots 
(height) 


-8dots 
(width) 


• 
Versatile character 
attributes: 
reverse video, 
blinking, 
nondisplay 
(white), 
nondisplay 
(black) 


• 
OR function: superimposing 
characters 
and 


graphics display 


• 
Cursor with programmable height, blink rate, 
display position, and onloff switch 
• 
Vertical smooth scrolling and horizontal scrol- 
ling by the character 


• 
Versatile 
display 
modes 
programmable 
by 


mode register or external pins: display onloff, 
graphic or character, normal or wide, attrib- 
utes, and blink enable 


• 
Refresh address output for dynamic RAM 


O 
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•• RAO 
" 
RAl 


" 
RA2 


61 RA3 
•• RA4 
" GNDl 
" 
G/"C" 
" 
AT 
"LS 
" D/~ 
" 
WIDE 
" ON/W 
" 
MODE 
'1 BlE 


50 DB7 


of9 DBe 
.•• OBIS 


U DB• 
.•• DB3 
~ 
DB2 


•• oBl 
~ DBo 
" RiiNlRDI 
" EIWR) 


• 
4- or 8-bit parallel data transfer between LCTC 
and LCD driver 
• 
Recommended LCD driver: 
HD61104 
(column) and HD61105 (common) 


• 
CPU interface: 
68family (HD63645F), 


80 family (HD64645F) 


• 
CMOS process 
• 
Single +5 V ±10% 


• 
80-pin flat plastic package (FP-80) 


Type No. 


HD63645F 


HD64645F 


Bus Timinl 


2MHz 


4MHz 


Bus Interface 


68 System 


80 System 


Packale 


8O-pin FPP 


8O-pin FPP 
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HD63645F/H 
D64645F 


Pin Description 


Symbol 
Pin Number 
Name 
I/O 


Vccl, Vcc2 
17, 32 
Vcc 


GNDl, GND2 
37,59 
Ground 


LUO-LU3 
22-25 
LCD Up Panel Data 0-3 
0 


LDO-LD3 
18-21 
LCD'Down Panel Data 0-3 
0 


CLl 
28 
Clock One 
0 


CL2 
29 
Clock Two 
0 


FLM 
27 
First Line Marker 
0 


M 
26 
M 
0 


MAO-MAI5 
65-80 
Memory Address 0-15 
0 


RAO-RA4 
60-64 
Raster Address 0-4 
0 


MDO-MD7 
1-8 
Memory Data 0-7 
I 


MD8-MDI5 
9-16 
Memory Data 8-15 
I 


DBo-DB? 
43-50 
Data Bus 0-7 
I/O 


CS 
39 
Chip Select 
I 


E 
41 
Enable (HD63645F Only) 
I 


R/W 
42 
Read/Write (HD63645F Only) 
I 


WR 
41 
Write (HD64645F Only) 
I 


RD 
42 
Read (HD64645F Only) 
I 


RS 
40 
Register Select 
I 


RES 
38 
Reset 
I 


DCLK 
33 
o Clock 
I 


MCLK 
34 
M Clock 
0 


DISPTMG 
35 
Display Timing 
0 


CUDISP 
36 
Cursor Display 
0 


SKO 
30 
Skew 0 
I 


SKI 
31 
Skew 1 
I 


ON/OFF 
53 
On/Off 
I 


BLE 
51 
Blink Enable 
I 


AT 
57 
Attribute 
I 


G/C 
58 
Graphic/Character 
I 


WIDE 
54 
Wide 
I 


LS 
56 
Large Screen 
I 


D/S 
55 
Dual/Single 
I 


MODE 
52 
Mode 
I 
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Pin Functions 


Power Supply (Ved, 2, GND) 


Power Supply Pin 
(+5 V): 
Connect 
Vccl and 


Vcc2 with +5 V power supply circuit. 


Ground Pin 
(0 V): 
Connect 
GNDl 
and GND2 


with OV. 


LCD Up Panel Data (LUO-LU3), LCD Down 
Panel Data 
(LDO-LD3): LUO-LU3 and 
LDO- 


LD3 output LCD data as shown in table 1. 


Clock One (CLl): 
CLl supplies timing clocks for 
display data latch. 


Clock Two (CL2): 
CL2 supplies timing clock for 
display data shift. 


First Line Marker (FLM): 
FLM supplies first 
line marker. 


M (M): 
M converts liquid crystal drive output to 


AC. 


Memory Address 
(MAO-MAI5): MAO-MAI5 


supply the display memory address. 


Raster Address (RAO-RA4): RAO-RA4 supply 
the raster 
address. 


Memory Data (MDO-MD7): MDO-MD7 receive 
the character 
dot data and bit·mapped 
data. 


Memory 
Data 
(MD8-MDI5): 
MD8-MDI5 
receive attribute 
code data and bit·mapped 
data. 


MPU Interface 


Data Bus (DBO-DB7): DBO-DB7 send/receive 
data as a three·state 
I/O common bus. 


enables 
MPU 
read/write 
of the 
LCTC 
internal 


registers. 


Enable 
(E): 
E 
receives 
an 
enable 
clock. 


(HD63645F only). 


Read/Write 
(R/W): 
R/W enables MPU read of 


the LCTC internal registers when R/W is high, and 
MPU write when low. (HD63634F only). 


Write 
(WR): 
WR receives 
MPU 
write 
signal. 


(HD64645F Only) 


Read 
(RD): 
RD 
receives 
MPU 
read 
signal. 


(HD64645F Only) 


Register 
Select 
(RS): 
RS 
selects 
registers. 


(Refer to table 5.) 


Reset (RES): 
RES performs external reset of the 


LCTC. Low level of RES stops and zero-clears 
the 


LCTC internal 
counter. 
No register 
contents 
are 


affected. 


Timing Signal 


D Clock (DCLK): DCLK inputs the system clock. 


M Clock 
(MCLK): MCLK 
indicates 
memory 


cycle; 
DCLK is divided by four. 


Display Timing (DISPTMG): 
DlSPTMG 
high 


indicates that the LCTC is reading display data. 


Cursor Display 
(CUDISP): 
CUDISP 
supplies 


cursor 
display 
timing; 
connect 
with 
MDI2 
in 


character 
mode. 


Skew 0 (SKO)/Skew 
I (SKI): 
SKO and 
SKI 


control skew timing. Refer to table 2. 


Mode Select 


The mode select pins ON/OFF, 
BLE, AT, G/C, and 


WIDE are ORed with the mode register 
(R22) to 


determine 
the mode. 


Pin name 


LUO-LU3 
LDO-LD3 


4-Bit 
Data 


Data 
output 


Disconnected 


Dual Screen 


Data 
output 
for 
upper 
screen 


Data 
output 
for 
lower 
screen 
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On/Off (ON/OFF): ON/OFF 
switches 
display 
on and off. (High = display on). 


Blink Enable (BLE): BLE high level enables 
attribute 
code "blinking" 
(MD13) and provides 


normal/blank 
blinking of specified characters 
for 


32frames each. 


Attribute (AT): AT controls character attribute 
functions. 


Graphic/Character 
(G/C): 
G/C 
switches 
between 
graphic 
and 
character 
display 
mode 


(graphic display when high). 


Wide (WIDE): WIDE switches between normal 


and wide display mode (high = wide display, low 
= normal display). 


Large Screen (LS): LS controls a large screen. 
LS high provides a data transfer rate of 40 Mbits/s 
for a graphic display. Also used to specify 8-bit LCD 
interface mode. For more details, refer to page 26. 


Dual/Single (D/S): DIS switches between single 
and dual screen display (dual screen display when 
high). 


Mode (MODE): MODE controls 
easy 
mode. 


MODE high sets duty ratio, maximum number of 
rasters, cursor start/end rasters, etc. (Refer to table 
9.) 


SKO 
o 
1 
o 
1 


Skew 
Function 


No skew 


I-character 
time 
skew 


2-character 
time 
skew 


Inhibited 
combination 
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Main features of the LCTC are: 
High-resolution 
liquid crystal 
display 
screen 


control 
(up to 720 x 512 dots) 


Software compatible 
with HD6845 (CRT C) 


Built-in character 
attribute 
control circuit 


Figure 1 shows a system using both LCD and CRT 
displays. 


Classification 


Functions 


Item 
Description 


ScreenFormat 
Programmablehorizontal scanning cycle by the character clock period 
Programmablemultiplexing duty ratio from static up to 1/512 
Programmable number of displayed characters per character row 
Programmablenumber of rasters per character row (number of vertical 
dots within a character row + space betweencharacter rows) 
...................................... 
--.--- 
-.-- ..----.-----.-----------------------_. 
__ 
_-_ 
__ ..--_ 
_--------- 


Cursor Control 
Programmablecursor display position, corresponding to RAM address 
Programmablecursor height by setting display start/end rasters 
Programmable blink rate, 1/32 or 1/64 frame rate 
.._-_._--_._------------------_ 
----------------------------------------------------- 


Memory 
Time for rewriting memory set either by specifying numberof horizontal 


Rewriting 
total characters or by cycle steal utilizing MCLK 
--------------------------------------------------------------_. 
__ ._------------_ 
__ 
_._ ..__ .__ 
_ 
__ 
__ 
-- 


Memory 
16-bit memory address output, up to 64 kbytes x 2 memory accessible 


Addressing 
DRAM refresh address output 
._-------------------------_ 
_-_ 
_--------_ 
_-_. 
__ ._--_. 
__ 
- 
--.-- .. _ ..- 
_ 
__ .._._-_. 


Paging and 
Paging by updating start address 
Scrolling 
Horizontal scrolling by the character,by setting horizontal virtual screen 
width 
Vertical smooth scrolling by updating display start raster 
..... _ .... -..-- 
_ .. _ ..... _. __ .__ ._-----------------_._------.--.-_. 
__ .._._----------------------------------------------------- 


Character Attributes 
Reversevideo, blinking, nondisplay (white or black) character attributes 


CRTCCompatible 
Facilitates system replacementof CRT display with LCD. 
-----_._--------_._------------------------------------------------------------------------------------------------------------ 
OR Function 
Enablessuperimposingdisplay of character screen and graphic screen 


LCTC 
Single 5 V power supply 
Configuration 
I/O TTL compatible except RES,MODE,SKO,SKI 
Bus connectablewith HMCS 6800 family (HD63645F) 
Bus connectablewith 80 family (HD64645F) 
CMOSprocess 
Internal logic fully static 
80·pin flat plastic package 
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Liquid 
crystal 
display 
CRT 
(monochrome) 
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LUO-LU3 


LDO-LD3 
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Gif 
AT 
LS 
Di~ 
WIDE 
ON/OFF 
MODE 


L.E 


Figure 3 is a block diagram of a character/graphic 
display system. Figure 4 shows two examples using 


HD63645F/HD64645F 


MPU 
Bus 
DClK 
CPG 
(WR) (RD) 


E.R/W 


DBO-DB7 


<Il 


CS.RS 
G/C IMo"ool~ 


::> 
AT 
.c 


Cij 
<Il 
MAO-MA15 
lS 
c: 
::> 
D/S 
Ol 
'Iii 
.c 


~ 


WIDE 
MODE 
"C 
ON/OFF 
Display 
On/off 
"C« 
MClK 
BlE 
Blink enable 
DISPTMG 
SKO 
SKl 


Reset 


CUDISP 


LUO-3 
LDO-LD3 
Cl2 
CLl 
M 
RAO-MD4 
FlM 


LCD 
Module 
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I Dual screen I 


lUO- 
lU3 
4 


FlM 


Cl1 
CL2 
M 


lCTC 


lDO- 
lD3 
4 


I Single screen I 


LUO- 
lU3 
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Table 4 shows the register mapping. Table 5 de- 
scribes the in function. Table 6 shows the differ- 


Address 


Recister 
Rec. 
es 
RS 
4 3 2 1 0 
No. 
Recister Name 


Data Bit 


4 
3 


1 
- ----- 
Invalid 
- 
- 
- 
,~;f:.;"l' 
'., 


0 
0 
----- 
AR 
Address Register 
- 
- 
W 
:.' 
p, '. 
'. 


0 
1 
00000 
RO 
Horizontal Total Characters 
Character3 
Nht 
W 


0 
1 
00001 
R1 
Horizontal Displayed Characters Character 
Nhr 
W 
a 
1 
010 
a 1 
R9 
Maximum Raster Address 
Raster 
Nr 
W 
a 
1 
a 1 a IORIO 
Cursor Start Raster 
Raster4 
Ncs 
W 
'. 
B 
P 


0 
1 
a 1 a 1 1 
Rll 
Cursor End Raster 
Raster 
Nee 
W 
. 
" 


a 
1 
o 1 1 00 
R12 
Start Address (H) 
Memory Address - 
R!W 
a 
1 
01 
1 01 
R13 
Start Address (L) 
Memory Address - 
R!W 
0 
1 
a 1 1 1 0 
R14 
Cursor Address (H) 
Memory Address - 
R!W 
a 
1 
a 1 1 1 1 
R15 
Cursor Address (L) 
Memory Address - 
R!W 
0 
1 
1 a 010 
RIB 
Horizontal Virtual Screen Width 
Character 
Nir 
W 
0 
1 
1 001 
1 
R19 
Multiplexing Duty Ratio (H) 
Raster3 
Ndh 
W 
., 
. 
".i 


a 
1 
1 a 1 a a 
R20 
Multiplexing Duty Ratio (L) 
Raster3 
Ndl 
W 


0 
1 
101 
01 
R21 
Display Start Raster 
Raster 
Nsr 
W 


,', 
. 
~ 


0 
1 
1 0 1 1 0 
R22 
Mode Register 
-NoteS 
- 
W 
.,;,..; 
ON! 
G!C 
WIDE 
BLE 
AT 
,'S 
OFF 


Notes: 
1. 
: Invalid 
data 
bits 


2. 
R/W 
indicates 
whether 
write 
access 
or read access 
is enabled 
to/from 
each 
register. 


W : 
Only write 
accessible 
R/W: 
Both read and write 
accessible 


3. 
The "value 
to be specified 
less 1" should 
be programmed 
in these 
registers 
(RO, R19, 
and R20). 


4, 
Data 
bits 5 and 6 of cursor 
start 
register 
control 
the cursor 
status 
as shown 
below. 


(For more details, 
refer 
to page 27). 


B 
P 
Cu rsor 
Blink 
Mode 
o 
0 
Cursor 
on; 
without 
blinking 
o 
1 
Cursor 
off 
1 
0 
Blinking 
once every 
32 frames 


1 
1 
Blinking 
once every 
64 frames 


5. 
The OR of mode 
pin status 
and mode register 
data 
determines 
the mode. 


6. 
Registers 
R2-R8, 
R16, and R17 are not assigned 
for the lCTC. 
Programming 
to these 
registers, 
will 
be ignored. 
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Reg. 


No. 
Recister 
Name 


AR 
Address Register 


RO 
Horizontal Total Characters 
Rl 
Horizontal Displayed Characters 


R9 
Maximum Raster Address 


RlO 
Cursor Start Raster 


Rll 
Cursor End Raster 
Rl2 
Start Address (H) 


Rl3 
Start Address (L) 


Rl4 
Cursor Address (H) 


Rl5 
Cursor Address (L) 


Rl8 
Horizontal Virtual Screen Width 


Rl9 
Multiplexing Duty Ratio (H) 


R20 
Multiplexing Duty Ratio (L) 


R2l 
Display Start Raster 


R22 
Mode Register 


Size (Bits) 


5 


Description 


Specifies the internal control registers 
(RO, Rl, 
R9- 


Rl5, Rl8-R22) 
address to be accessed 
Specifies the horizontal scanning period 
Specifies the number of displayed 
characters 
per 


character row 
Specifies the number of rasters per character 
row, 


including the space between character rows 
Specifies the cursor start raster address and its blink 
mode 
Specifies the cursor end raster address 
Specify the display start address 


Specifies the length of one row in memory space for 
horizontal scrolling 
Specify the number of rasters for one screen 


Specifies the display start raster within a character 
row for smooth scrolling 
Controls the display mode 
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Rea:. 
No. 
LCTC HD63645F/HD64645F 
Comparison 


AR 
Address Register 
Equivalent to CRTC 


RO 
Horizontal Total Characters 


RI 
Horizontal Displayed Characters 


R2 
Particular to CRTC; 
--- 
R3 
unnecessary for LCTC 
--- 
R4--- 
R5--- 
R6--- 
R7 
--- 
R8 


R9 
Maximum Raster Address 
Equivalent to CRTC 


RIO 
Cursor Start Raster 


Rll 
Cursor End Raster 


Rl2 
Start Address (H) 


Rl3 
Start Address (L) 


Rl4 
Cursor Address (H) 


Rl5 
Cursor Address (L) 


Rl6 
Particular to CRTC; 


Rl7 
unnecessary for LCTC 


Rl8 
Horizontal Virtual Screen Width 
Additional registers for LCTC 


Rl9 
Multiplexing Duty Ratio (H) 


R20 
Multiplexing Duty Ratio (L) 


R21 
Display Start Raster 


R22 
Mode Register 


CRTC HD6845 


Address Register 


Horizontal Total Characters 


Horizontal Displayed Characters 


Horizontal Sync Position 


Sync Width 


Vertical Total Characters 


Vertical Total Adjust 


Vertical Displayed Characters 


Vertical Sync Position 


Interlace and Skew 


Maximum Raster Address 


Cursor Start Raster 


Cursor End Raster 


Start Address (H) 


Start Address (L) 


Cursor (H) 


Cursor (L) 


Light Pen (H) 


Light Pen (L) 
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play screen and registers. Figure 6 shows a timing 
chart of signals output from the LCTC in mode 5 as 
an example. 


(R21l 
Start 


Raster 


Display 
Start 


Raster 
Address 
(R21) 
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Cursor height 
Cursor blink mode 
The following cursor functions (figure 7) can be 
controlled by programming specific registers. 
A cursor can be displayed only in character 
mode. 


Also, CUDISP pin must be connected to MD12 pin 
to display a cursor. 


Cursor 
Height 
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The LCTC supports two types of display modes; 
character mode and graphic mode. Graphic mode 2 
is provided to utilize software for system using the 
CRTC (HD6845). 


The display mode is controlled by an OR between 
the mode select pins (D!S, G!C, LS, WIDE, AT) 
and mode register (R22). 


Character 
Mode: 
Character 
mode 
displays 
characters 
by using CG·ROM. The display data 


supplied from memory is accessed in 8-bit units. A 
variety of character 
attribute 
functions are pro· 


vided, such as reverse video, blinking, nondisplay 
(white or black), etc., by storing the attribute data 
in attribute RAM (A-RAM). 


Graphic Mode 1 : Graphic 
Mode 1 directly 
dis- 
plays data stored in a graphic memory buffer. The 
display data supplied from memory is accessed in 
16-bit units. Character attribute 
functions or wide 


mode are not provided. 
Figure 9 illustrates 
the 


relation between graphic display screen and mem- 
ory contents. 


Graphic Mode 2 : Graphic mode 2 utilizes 
soft· 


ware for the system using the CRTC (HD6845). 
The display data supplied from memory is accessed 
in 16-bitunits. Character attribute functions or wide 
mode are not provided. The same memory addres- 
ses are output repeatedly a number of times speci- 
fied by maximum raster register (R9). The raster 
address is output in the same way as character 
mode. 


Blinking 


+ 


VRAM 
ARAM 


(Char. 
(Attr. 


code) 
code) 
8-bit 
_8-bit 


7 
41 
08 


42 
20 
I 
43 
00 


I 
I 
\ 
I 
I 
! 
44 
00 


45 
00 


46 
00 
\ 


I 
I 


I 
I 
I 
I 
I 
I 
I 
I 


~HITACHI 


Hitachi America Ltd .• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• (408) 435-8300 


by the character, by setting the horizontal virtual 
screen width and updating the start address. This 
function is enabled by programming the horizontal 
virtual screen width register (RI8). 


Horizontal virtual screen width can be specified by 
the character in addition to the number of horizon- 
tal displayed characters (figure 10). 


M 
MM 
VRAM 
ARAM 
D 
VRAM 
D D 
ARAM 
7 
015 
. 
8-bit 
8-dit 
1st 
Une 
2nd 
Line 
I 
I 
I 
FF 
55 
I I 
I I 
" 
I 
" 
I 
I 
33 
I I 
I 
I 


I I 
I I 
I 
I 
I I 
I 
I I 
I 
I 
I I 
I 
I 
I I 
I 
I 
I I 
I 
I I 
00 
AA 


CC 


Display 
Screen 


Horizontal 
displayed 
characters 
(R 1) 


Horizontal 
virtual 
screen width 
(R 18) 


~HITACHI 


Hitachi America 
Ltd .• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


R18 
f--- 
Rl 


Start Address 
t 


0 
I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
__ J 


10 
11 
12 
13 


N 
e 
w 


L 
C 
T 
C 


Example: 


R 18 (Horizontal 
Virtual 
Screen 
Width) = 10 


R 1 
(Horizontal 
Displayed 
Characters) 
= 5 


u 


Performing 
horizontal 
scroll by updating 
the start address 
"0" to 
"4" 


• 
341 
5 
__ J 
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Vertical smooth scrolling (figure 12) is performed 
by updating the display start raster, as specified by 
the start 
raster 
register 
(R2l). 
This function 
is 
offered only in character mode. 


The character 
to be displayed can be doubled in 
width, by supplying the same data twice (figure 13). 
This function is offered only in character mode, and 
controlled either by bit 2 of the mode register (R22) 
or by the WIDE pin. 


Raster 
0 
1 
2 
Address 
1 
2 
3 
2 
3 
4 
3 
4 
5 
4 
5 
6 
5 
6 
7 
6 
7 
7 


-> 


122334455667788 


WIDE='High' 
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A variety 
of character 
attribute 
functions 
such as 


reverse 
video, 
blinking, 
nondisplay 
(white) 
or 


nondisplay 
(black) 
can be implemented 
by storing 


the attribute 
data 
in A·RAM 
(attribute 
RAM). 
Figure 14 shows 
a 
display 
example 
using 
each 


attribute 
function . 


The attribute 
functions are offered only in charac· 
ter mode, and controlled either by bit 0 of the mode 
register 
(R22) or the AT pin. As shown in figure 15, 


a character 
attribute can be specified by placing the 


character 
code on MDO-MD7, and the attribute 


code on MDll-MD15. 
MD8-MDI0 are invalid. 


• 
D 


3. Blinking 
[BJQDQ[BJ 


MD Input 
15 
14 
13 
12 
11 
10-8 
7-0 


Non· 
Non· 


Function 
display 
display 
Blinking 
Cursor 
Reverse 
Character 
Code 
*** 
(black) 
(white) 
video 
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OR Function 
-Superimposing 
Characters 
and 
Graphics 


The OR function (figure 16) generates 
the OR of 


the data 
entered 
into 
MDO-MD7 
(e.g. character 


data) 
and the data into MD8-MD15 
(e.g. graphic 


This function is offered only in character 
mode, and 
controlled by bit 0 of the mode register 
(R22) or by 


the AT pin. Any attribute 
functions 
are disabled 
when using the OR function. 


Graphic 
data 
(Character 
data) 
Character 
data 
(Graphic 
data) 


r - - - 
I 
I 
I 
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The LCTC outputs the address for DRAM refresh 
while CLl is high, as shown in figure 17. The 16 
refresh addresses per scanned line are output 16 
times, from $OO-$FF. 


The 
LCTC can 
specify 
the 
skew 
(delay) 
for 


CUDISP, DISPTMG, CL2 outputs and MD inputs. 


If buffer memory and character 
generator 
ROM 


cannot be accessed within one horizontal character 


display period, the access is retarded 
to the next 
cycle by inserting a latch to memory address output 
and buffer memory 
output. The 
skew 
function 


retards the CUDISP, DISPTMG, CL2 outputs, and 
MD inputs in the LCTC to match phase with the 
display data signal. 


By utilizing this function, a low-speed memory can 
be used as a buffer RAM or a character generator 
ROM. 


This function is controlled by pins SKOand SKI as 
shown in table 7. 


SKO 
o 
1 
o 
1 


Skew 
Function 


No skew 


1 character 
time 
skew 


2 character 
time 
skew 


Inhibited 
combination 


L 
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display mode and screen format are fixed as shown 
in table 8. With this mode, software 
for a CRT 
screen can be utilized in a system using the LCTC, 
without changing the BIOS. 
This mode utilizes software 
for systems using the 
CRTC (HD6845). By setting MODE pin to high, the 


Reg. No. 


R9 
RIO 
Rll 
RI8 
RI9 
R20 
R21 
R22 


Register 
Name 


Maximum raster address 
Cursor start raster 
Cursor end raster 
Horizontal virtual screen width 
Multiplexing duty ratio (H) 
Multiplexing duty ratio (l) 
Display start raster 
Mode register 


Fixed Value 
(decimal) 


7 
6 
7 
Same value as (R1) 
99 (in dual screen mode) 
199 (in single screen mode) 
o 
o 
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The screen configuration, 
single or dual, must be 


specified when using the LCD system 
(figure 18). 


Using the single screen configuration, 
you can con- 


struct an LCD system with lower cost than a dual 
screen system, since the required number of column 
drivers is smaller and the manufacturing 
process for 
mounting them is simpler. However, there are some 
limitations, 
such as duty ratio, breakdown 
voltage 


of a driver, and display quality of the liquid crystal, 
in single screen configuration. 
Thus, a dual screen 


configuration 
may be more suitable to an applica- 


tion. 


The LCTC also offers an 8-bit LCD data transfer 
function to support an LCD screen with a smaller 
interval of signal input terminals. For a general size 
LCD screen, such as 640 x 200 single, or 640 x 400 
dual, the usual 4-bit LCD data transfer 
is satisfac- 
tory. 


The LCTC supports 
the following 
hardware 
con- 
figurations: 


Single or dual screen configuration 
4-or 8-bit LCD data transfer 


Character, 
graphic 1, or graphic 2 display 


Normal 
or wide display 
(only in character 
mode) 
OR or 
attribute 
display 
(only 
in character 
mode) 


Also, the LCTC supports up to 40 Mbits/s 
of large 


screeen mode 
(mode 13) for large screen display. 


This mode is provided only in graphic 1 mode. 


Table 9 shows the mode selection method according 
to hardware 
configuration 
and screen format. 
Ta- 
ble 10 shows how they are specified. 


Figure 18. 
Hardware Configuration 
According 
to Screen Format 
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HD63645F/H 
D64645F 


Mode List 


Table 
10. Mode 
List 


Pin 
Name 
Screen 
Graphic/ 
Data 
Wide 


No. 
Mode 
Name 
D/S G/C LS WIDE AT 
Confg. 
Character 
Transfer 
Display 
Attribute 


Dual-screen 
0 
0 
0 
0 
Dual 
Character 
4-bit 
Normal 
OR 
character 
0 
0 
0 
1 
screen 
x2 
AT 


2 
Dual-screen 
0 
0 
1 
0 
Wide 
OR 


wide character 
0 
0 
1 
1 
AT 


3 
Dual-screen 
graphic 
1 
0 
0 
1 
Graphic 


1 


4 
Dual-screen 
graphic 
0 
0 
0 


2 


5 
Single-screen 
0 
0 
0 
0 
0 
Single 
Character 
4-bit 
Normal 
OR 
character 
0 
0 
0 
0 
1 
screen 
AT 


6 
Single-screen 
0 
0 
0 
1 
0 
Wide 
OR 
wide character 
0 
0 
0 
1 
1 
AT 


7 
Single-screen 
0 
1 
0 
0 
1 
Graphic 


graphic 
1 


a 
Single-screen 
0 
0 
0 
0 
graphic 
2 


9 
a-bit 
character 
0 
0 
0 
0 
Character 
8-bit 
Normal 
OR 


0 
0 
0 
1 
AT 


10 
8-bit 
wide 
0 
0 
1 
0 
Wide 
OR 
character 
0 
0 
1 
1 
AT 


11 
8-bit 
graphic 
1 
0 
1 
0 
1 
Graphic 


12 
8-bit 
gra phic 2 
0 
1 
0 
0 


13 
Large 
screen 
1 
1 
0 
1 
Dual 
4-bit 
screen 
x2 


The LCTCdisplay mode is determinedby pins D/S (pin 55), G/C (pin 58), LS (pin 56), WIDE (pin 54), and AT (pin 57). As for G/C, WIDE, and 
AT, the OR is taken betweendata bits 0, 2, and 3 of the mode register (R22). 
The display mode can be controlled by either one of the external 
pins or the data bits of R22. 


Note: 
The above 5 pins have 32 status combinations (high and low). Any combinations other than the above are inhibited, becausethey may 
cause malfunctions. 
If you set an inhibited combination, 
set the right combination 
again. 
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Internal Registers 


The HD63645F/HD64645F has one address register 
and fourteen data registers. In order to select one 
out of fourteen data registers, the address of the 
data register to be selected must be written into the 
address register. The MPU can transfer data to/ 
from the data register corresponding to the written 
address. 


To 
be 
software 
compatible 
with 
the 
CRTC 


(HD6845), registers R2-R8, R16,and R17,which are 
not necessary for an LCD are defined as invalid for 
the LCTC. 


Address Register (AR) 
AR register (figure 19) specifies one out of 14data 
registers. Address data is written into the address 
register when RS is low. If no register correspond- 
ing to a specified address exists, the address data is 
invalid. 


Horizontal Total Characters Register (RO) 
ROregister (figure 20) specifies a horizontal scan- 
ning period. The total number of horizontal char- 
acters less 1 must be programmed into this 8-bit 
register in character units. The "Nht" indicates the 
horizontal 
scanning period including the period 
when the CPU occupies memory (total number of 
horizontal characters 
minus the number of hori- 


zontal 
displayed 
characters). 
Its 
unit 
is, then, 
converted from time into the number of characters. 
This value is to be specified according to the speci· 
fication of the LCD system to be used. 


Horizontal Displayed Characters Register (Rl) 
Rl register 
(figure 21) specifies the number 
of 
characters displayed per row. The horizontal char- 


acter pitches are 8 bits for normal character display 
and 16dots for wide character display and graphic 
display. 


The "Nhd" must be less than the total number of 
horizontal characters. 


Maximum Raster Address Register (R9) 
R9 register (figure 22) specifies the number of ras- 
ters per row in characters mode, consisting of 5 bits. 
The programmable range is 0 (1 raster/row) 
to 31 


(32rasters/row). 


Cursor Start Raster Register (RIO) 
RIO register 
(figure 23) specifies the cursor start 


raster address and its blink mode. Refer to table 11. 
\~--=====) 


Cursor End Raster Register (Rll) 
Rll 
register 
(figure 24) specifies the cursor end 


raster address. 


Start Address Register (H/L) (RI2/RI3) 
RI2/R13 
register 
(figure 25) 
specifies 
a buffer 


memory read start address. Updating this register 
facilitates paging and scrolling. R14/R15 register 
can be read and written to/from the MPU. 


Figure 20. 
Horizontal Total 
Characters Register 


Figure 21. 
Horizontal Displayed 
Characters Register 


Figure 22. 
Maximum Raster Address 
Register 
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Cursor Address Register (H/L) (RI4/RI5) 
R14/R15 register (figure 26) specifies a cursor dis- 
play address. Cusor display requires setting RIOand 
Rll, and CUDISP should be connected with MD12 
(in character mode). This register can be read from 
and written to the MPU. 


Horizontal Virtual Screen Width Register (RI8) 
R18 register (figure 27) specifies the memory width 
to determine the start address of the next row. By 
using this register, memory width can be specified 
larger 
than the number of horizontal 
displayed 


characters. 
Updating 
the 
display 
start 
address 


facilitates scrolling in any direction within a mem- 
ory space. 


The start address of the next row is that of the 
previous row plus Nir. If a larger memory width 
than display width is unnecessary, Nir should be set 
equal to the number of horizontal displayed char- 
acters. 


Multiplexing Duty Ratio Register 
(H/L) (RI9/ 


R20) 
R19/R20 register 
(figure 28) specifies the number 
of vertical 
dots of the display screen. The pro- 
grammed value differs according to the LCD screen 
configura tion. 


In single screen configuration: 


(Programmed value) = Number of vertical dots 


-1. 


In dual screen configuration: 
(Programmed value) = Number of vertical dots 
2 


Display Start Raster Register (R2I) 
R21 register (figure 29) specifies the start raster of 
the character 
row displayed on the top of the 


screen. The programmed value should be equal or 
less than the maximum raster address. Updating 


Cursor 
blink 
mode 


Cursor on; 
without 
blinking 


Cursor off 
Blinking 
once every 
32 frames 


Blinking 
once every 
64 frames 


7 
0 


Memory address (H) (R12) 
Memory 


Memory address (L) (R13) 
address 


Data Bit 


7 
0 


Memory address (H) (R14) 


Memory address (L) (R15) 


Memory 
R/W 


address 


Figure 27. 
Horizontal Virtual Screen 
Width Register 
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this register allows smooth scrolling in character 
mode. 


The OR of the data bits of R22 (figure 30) register 
and the external 
terminals 
of the same name 


determines a particular mode. (figure 31) 


WIDE 
(data bit 2) 


G/C 
(data bit 3) 


ON/OFF 
(data bit 4) 


Mode 
Register 
(R22) 


ON/lm' 
(Pin 53) 
G/C 
(Pin 
58) 
WIDE 
(Pin 
54) 
BLE 


(Pin 
51) 
AT 
(Pin 57) 


Notes: 
1. 
AT (valid only when G/G is low 
(character 
mode» 


AT = High: 
Attribute 
functions 
enabled, OR function 
disabled. 


AT = Low: 
OR function 
enabled, attribute 
functions 
disabled. 


2. 
BLE (valid only when G/G is low 
(character 
mode» 


BLE = High: 
Blinking 
enable on the character 
specified 
by attribute 
RAM 
BLE = Low: 
No blinking 


3. 
WIDE (valid only when G/G is low 
(character 
mode» 


WIDE = High: 
Wide display 
enabled 
WIDE = Low: 
Normal 
display 


4. 
G/G 
G/C = High: 
Graphic 1 display 
(when AT = Low) 
or Graphic 2 display 
(when AT = High) 


G/C = Low: 
Character 
display 


5. 
ON/OFF 
ON/OFF = High: 
Display 
on state 
ON/OFF = Low: 
Display 
off state 
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RES pin determines 
the 
internal 
state 
of LSI 


counters 
and the like. This pin does not affect 
register contents nor does it basically control out- 
put terminals. 


o 
At reset: the time when RES goes low 


o 
During reset: the period while RES remains 
low 


o 
After reset: the period on and after the RES 
transition from low to high 


RES pin should be pulled high by users during 
operation. 


RES pin does not basically control output pins, and 
operates regardless of other input pins. 


(1) Preserves states before reset: 
LUO-LU3, LDO-LD3,FLM, CLl, RAO-RA4 


(2) Fixed at high level: 
MLCK 


(3) Preserves states before reset or fixed at low 


level according to the timing when the reset 
signal is input: 
DISPTMG, CUDISP, MAO-MA15 


(4) Fixed at high or low according to mode: 


CL2 


(5) Unaffected: 


DBo-DB, 


RES pin does not affect register contents. There- 
fore, registers can be read or written even during a 
reset 
state; 
their 
contents 
will 
be 
preserved 
regardless of reset until they are rewritten to. 


Notes for HD63645F/HD64645F 


(1) The 
HD63645FIHD64645F 
are CMOS LSls, 


and it should be noted that input pins must not 
be left disconnected, etc. 


(2) At power-on, the state 
of internal 
registers 


becomes undefined. The LSI operation 
is un- 


defined until all internal registers 
have been 
programmed. 
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Item 


Supply voltage 


Terminal voltage 


Operating temperature 


Storage temperature 


Symbol 


Vcc 


Value 


-0.3 
to +7.0V 


-0.3 
to Vcc +0.3 V 


-20°C 
to + 75°C 


-55°C 
to +125°C 


Note 


2 


2 


Notes: 
1. 
Permanent 
LSI damage 
may occur 
if maximum 
ratings 
are exceeded. 
Normal 
operation 
should 
be under 
recommended 
operating 


conditions 
(Vcc = 5.0V 
±10%, 
GND = OV, Ta = -20°C 
to +75°C). 
If these conditions 
are exceeded, 
it could 
affect 
reliability 
of 


L51. 


2. 
Width 
respect 
to GROUND 
(GND = 0 V) 


Electrical Characteristics 


DC characteristics 
(Vcc=5.0V±10%, 
GND=OV, 
Ta= 
-20°C 
to 
+75°C, 
unless 
otherwise 


noted.) 


Item 


Input high voltage 


Input low voltage 


Output high voltage 


Three state (off-state) 
leakage current 


Current dissipation' 


RES, MODE, 
SKO, SKi 


DCLK, 
ON/OFF 


All others 


All others 


TTL Interface' 


CMOS Interface' 


TTL Interface 


CMOS Interface 


All inputs except 
DBo-DB? 


DBo-DB? 


Symbol 


VIH 


Min 
Typ 
Max 
Unit 


Vcc-0.5 
Vcc+0.3 
V 


2.2 
Vcc+0.3 
V 


2.0 
Vcc+0.3 
V 


-0.3 
0.8 
V 


2.4 
V 


Vcc-0.8 
V 


0.4 
V 


0.8 
V 


-2.5 
+2.5 
p.A 


-10 
+10 
p.A 


10 
mA 


Test 
Condition 


10H=-400p.A 


10H=-400p.A 


IOL=1.6mA 


IOL=400p.A 


Notes: 
1. 
TTL 
Interface; 
MAO-MA15, 
RAO-RA4, 
DISPTMG, 
CUDISP, 
DBO-DB7, 
MCLK 


CMOS 
Interface; 
LUO-LU3, 
LDO-LD3, 
CLl, 
CL2, 
M, FLM 


2. 
Input/output 
current 
is excluded. 
When input 
is at the intermediate 
level with 
CMOS, excessive 
current 
flows 
through 
the input 
circuit 
to power 
supply. 
Input 
level must 
be fixed 
at high 
or low to avoid 
this 
condition. 


3. 
If the capacity 
loads of LUO-LU3 
and LDO-LD3 
exceed the rating, 
noise over 0.8 V may be produced 
on CUDISP, 
DISPTMG, 
MCLt<, 


FLM and M. In case the loads of LUO-LU3 
and LDO-LD3 
are larger 
than the ratings, 
supply 
signals 
to the LCD module 
through 
buffers. 
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HD63645F/HD64645F 


AC Characteristics 


CPU 
Interface 
(HD63645F - 
68 family) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Figure 


Enable cycle 
time 
tCYCE 
500 
ns 
33 


Enable 
pulse width 
(high) 
PWEH 
220 
ns 


Enable 
pulse width 
(low) 
PWEL 
220 
ns 


Enable 
rise time 
tEr 
25 
ns 


Enable fall 
time 
tEl 
25 
ns 


CS, RS, R/W setup 
time 
tAS 
70 
ns 


CS, RS, R/W hold time 
tAH 
10 
ns 


DBa-DBl 
setup 
time 
tos 
60 
ns 


DBa-DBl 
hold time 
tOHW 
10 
ns 


DBa-DBl 
output 
delay 
time 
tOOR 
150 
ns 


DBa-DBl 
output 
hold time 
tOHR 
20 
ns 


2.0V 


O.BV 


CS 
RS 
R/W 


DBa-DB] 
(output) 
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HD63645F/HD64645F 


CPU 
Interface 
(HD64645F - 
80 family) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Figure 


RD high 
level width 
tWROH 
190 
ns 
34 


RD low level width 
tWROL 
190 
ns 


WR high 
level width 
twwOH 
190 
ns 


WR low level width 
tWWOL 
190 
ns 


CS, RS setup 
time 
tAs 
0 
ns 


Cs, RS hold time 
tAH 
0 
ns 


DBa-DB7 
setup 
time 
tosw 
60 
ns 


DBa-DB7 
hold time 
tOHW 
0 
ns 


DBa-DB7 
output 
delay 
time 
tOOR 
150 
ns 


DBa-DB7 
output 
hold time 
tOHR 
20 
ns 


2.0V 


O.8V 


2.0V 


O.8V 


2.0V 


O.8V 
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HD63645F 
IH D64645F 


AC Characteristics 
(Cont) 


Memory 
Interface 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Figure 


DCLK 
cycle 
time 
tCYCO 
100 
ns 
35 


DCLK 
high 
level width 
tWOH 
30 
ns 


DCLK 
low level width 
tWOL 
30 
ns 


DCLK 
rise time 
to, 
20 
ns 


DCLK 
fall 
time 
tOf 
20 
ns 


MCLK 
delay 
time 
tOMO 
70 
ns 


MCLK 
rise time 
tM, 
30 
ns 


MCLK 
fall 
time 
tM! 
30 
ns 


MAO-MA15 
delay 
time 
tMAO 
150 
ns 


MAO-MA15 
hold time 
tMAH 
10 
ns 


RAO-RA4 
delay 
time 
tRAO 
150 
ns 


RAO-RA4 
hold time 
tRAH 
10 
ns 


DISPTMG 
delay 
time 
toTO 
150 
ns 


DISPTMG 
hold 
time 
tOTH 
10 
ns 


CUDISP 
delay 
time 
tcoo 
150 
ns 


CUDISP 
hold time 
tCOH 
10 
ns 


CLl 
delay 
time 
tcuo 
150 
ns 


CLl 
hold time 
tCUH 
10 
ns 


CLl 
rise ti me 
teu, 
50 
ns 


CLl 
fall 
time 
teu! 
50 
ns 


MDO-MD15 
setup 
time 
tMOS 
80 
ns 


MDO-MD15 
hold time 
tMOH 
15 
ns 
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MDO-MD15 
(input) 
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HD63645F/HD64645F 


AC Characteristics 
(Cont) 


LCD Interface 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Figure 


Display 
data 
setup 
time 
tLOS 
50 
ns 
36 


Display 
data 
hold time 
tLOH 
100 
ns 


CL2 high 
level width 
tWCL2H 
100 
ns 


CL2 
low level width 
tWCL2L 
100 
ns 


FLM 
setup 
time 
tFS 
500 
ns 


FLM 
hold time 
tFH 
300 
ns 


CLl 
rise time 
tcur 
50 
ns 


CLl 
fall 
time 
tcu, 
50 
ns 


CL2 rise time 
tCL2r 
50 
ns 


CL2 fall 
time 
tCL2' 
50 
ns 


Note: At fCL2 = 3 MHz 


LUO-LU3 


LDO-LD3 


tos---.l 
I 
to" 


CL2 
Vcc-O.8 
V 


O.8V 


tWCl2l 
tWCLl" 


tCLl. 
tCL2r 


CL1 
Vcc-O.8 
V 


O.8V 


tFS 
tFH 


tcur 
tCUI 


Vcc-O.8V 
FLM 
O.8V 
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AC Characteristics 


TIL Load 


Terminal 


DBe-DB7 


MAO-MAI5, 
RAO-RA4, DISPTMG, CUDISP 


MCLK 


RL 
R 
C 
Remarks 


2.4kO 
11 kO 
130 pF 
tr, tf: 
Not 
specified 


2.4kO 
llkO 
40 pF 


2.4kO 
11 kO 
30 pF 
tr, tf: 
Specified 


Terminal 


CL2 


CLl 


LUO-LU3, LDO-LD3, M 


FLM 


C 


150 pF 


200 pF 


150 pF 


50 pF 


Remarks 


tr, tf: 
Specified 


0----1 


cr 
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-L 


O,35±O.1 


(0.014±0.004) 


---L 


o \5±0.05 
(0.006 ± 0.002) 


\ --lL 


O.8±O.IS 


(0.03\ ±O.o06l 
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HD64941-------- 
ACI (Asynchronous Communications 
Interface) 


The H064941 (Ae!) is a universal asynchronous 
data com· 


munications controller chip that interfaces directly to most 8-bit 
microprocessors 
and may be used in a polled or interrupt·driven 
system 
environment. 
The H064941 accepts programmed 
in· 


structions 
from the microprocessor while supporting asynchro· 
nous serial data communications in full· or half·duplex mode. 
The 
H06494I 
serializes parallel data 
characters 
received 


from the microprocessor 
for transmission. 
Simultaneously, 
it 


can receive serial data and convert it into parallel data characters 
for input to the microcomputer. 


The H064941 contains a baud rate generator which can be 
programmed 
to either accept an external clock or to generate 


internal transmit or receive clocks. Sixteen different baud rates 
can be selected under program control when operating in the 
internal clock mode. 


• 
FEATURES 
• 
5- to 8-bit characters plus parity 


• 
1. 1'h or 2 stop bits transmitted 
• 
Odd, even or no parity 
• 
Parity, overrun and framing error delection 
• 
Line break detection and generation 
• 
False start bit detection 
• 
Ai-'tomatic serial echo mode (echoplex) 
• 
Local or remote maintenance loopback mode 
• 
Baud rate: 


DC to 1M bps (1 x clock) 
- 
DC to 62.5k bps (16 x clock) 


- 
DC to 15.625k bps (64 x clock) 
• 
Internal or external baud rate clock 
• 
16 internal rates 
• 
Double-buffered transmitter and receiver 
• 
Single +5V power supply 
• 
Signelics SCN2641 compatible 
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TxC 


RxC/BKDET 


RESET 


Ao 


Al 


R/W 


CE 


INTR· 


BAUD 
RATE 
GENERATOR 
AND 
CLOCK 
CONTROL 
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• 
Intelligent 
terminals 


• 
Network 
processors 


• 
Front-end 
processors 


• 
Remote data concentrators 


• 
Serial peri pherals 


r-------, 
I 
I 


CONVERTER "1··---:/-0\\ 
~--~~~~--t 
L:JI 


BAUD 
RATE 
CLOCK 
OSCILLATOR 


PHONE 
LINE 


INTERFACE 
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HD146818 
RTC (Real Time Clock Plus RAM) 


The HDI46818 
is a HMCS6800 peripheral 
CMOS device 
which combines three unique features: a complete time-of-day 
clock with alarm and one hundred calendar, a programmable 
periodic interrupt 
and square·wave generator, 
and SO bytes of 
Low-power statlc RAM. 


This 
device 
includes 
HD6~OI, 
HD6301 
multiplexed 
bus 
interface circuit and 808S's multiplexed 
bus interface 
IS well. 


so it can be directly connected to HD6801, HD6301 and 8085. 
The Real·Time Clock plus RAM has two distinct uses. First. 


it is designed as battery 
powered CMOS part including all the 
common ballery 
backed-up functions such as RAM. time. and 
calender. Secondly, the HDI46818 
may be used with a CMOS 
microprocessor 
to relieve the software 
of timekeeping work· 
load and to extend 
the available RAM of an MPU such as the 
HD6301. 


• 
FEATURES 
• 
Time-of-Day Clock and Calendar 
• 
Counts Seconds. Minutes. and Hours of the Day 
• 
Counts Days of Week. Date. Month. and Vear 
• 
Binary or BCD Representation of Time, Calendar, and Alarm 
• 
12· or 24 Hour Clock with AM and PM in 12·Hour Mode 
• 
Automatic End of Month Recognition 
• 
Automatic Leap Vear Compensation 
• 
Interfaced with Software as 64 RAM Locations 
• 
14 Bytes of Clock and Control Register 
• 
50 Bytes of General Purpose AAM 
• 
Three Interrupt are Separately Software Maskable and Test· 
able 
Time·of-Day Alarm, Once·per-Second to Once·per·Day 
• 
Periodic Aates from 30.51ls to 500ms 
• 
End-of.clock 
Update Cycle 
• 
Programmable Square Wave Output Signal 
• 
Three Time Base Input Options 
4.194304 MHz 
• 
1.048576 MHz 
• 
32.768 kHz 
• 
Clock Output May be used as Microprocessor Clock Input 
• 
At Time Base Frequency ';'4 or ,;.1 
• 
Multiplexed Bus Interface Circuit of HD6801, HD6301 and 
8085 
• 
Low-Power. High·Speed. High·Density CMOS 
• 
Battery Backed-up Operation 
• 
Motorola MC146818 Compatible 
• 
HD146818A in Development 


Item 
Symbol 
Value 
Unit 


Supply Voltage 
Vcc . 
-0.3 - +7.0 
V 
Input Voltage 
V", . 
-0.3 -+7.0 
V 
Operating Temperature 
T_ 
O -+70 
°c 
Star. 
Temperature 
T••• 
-55 -+150 
°c 


• 
With _t 
to Vss (SYSTEMGNOI 
INOTEI 
Per"*Wnt 
LSI ~ 
may occur if maximum 
rating are eKceeded. Normal operation should be under 
reeomendlld operating condition. 
If these conditions,r. 
IxCHded. it could .ffect r.liability of LSI. 
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Item 
Symbol 
min 
typ 
max 
Unit 


Supply 
Voltage 
Vee " 
4.5 
5.0 
5.25 
V 


V1L " 
-0.3 
- 
0.7 
V 
Input 
Voltage 


V1H " 
Vee-1.0 
- 
Vee 
V 


Operating 
Temperature 
Topr 
0 
25 
70 
°c 


• 
ELECTRICAL 
CHARACTERISTICS 


• 
DC CHARACTERISTICS 
(Vcc 
= 4.5 - 
5.25V, 
Vss = OV, Ta = 0 - 
+70°C, 
unless otherwise 
noted.) 


Item 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


A~ 
- AD" 
CE, AS, 
Vee-2.0 
- 
Vee 
R 
, OS, CKFS, PS 
Input 
"High" 
Voltage 
RES 
V1H 
Vee-l.0 
- 
Vee 
V 


OSC, 
Vee-1.0 
- 
Vee 


AD~-AD" 
CE, AS, 
-0.3 
- 
0.7 
R/W, DS, CKFS, PS 
Input 
"Low" 
Voltage 
RES 
V1L 
-0.3 
- 
0.8 
V 


OSC, 
-0.3 
- 
0.8 


Input 
Leakage Current 
OSC" 
CE, AS, R/W, 
II;nl 
- 
- 
2.5 
!J.A 
DS, RES, CKFS, PS 


Three·state 
(off state) 
ADo -AD, 
IITsd 
- 
- 
10 
!J.A 
Input Current 


Output 
Leakage Current 
IRO 
ILoH 
- 
- 
10 
!J.A 


ADo-AD, 


IOH = -1.6 mA 
4.1 
- 
- 
V 


Output 
"High" 
Voltage 
saw, CKOUT 
VOH 
ADo-AD, 
IOH <-10!J.A 
Vee-O.l 
- 
- 
V 


SOW,CKOUT 


ADo-AD, 
IOL = 1.6mA 


Output 
"Low" 
Voltage 
CKOUT 
VOL 
IOL = 1.6 mA 
- 
- 
0.5 
V 


IRO, SOW 
IOL = 1.6 mA 


ADo-AD, 
- 
- 
12.5 
pF 


Input 
Capacitance 
All 
inputs except 
Cin 
V;n = OV 
Ta 
= 25°C 
- 
- 
12.5 
pF 
ADo-AD, 
f 
= 1 MHz 
Output 
Capacitance 
saw, CKOUT, 
IRO 
Cout 
- 
- 
12.5 
pF 


Supply 
Current 
fose 
= 4 MHz 
Vee=5.0V 
- 
- 
10 


(MPU Read/Write 
fose 
= 1 MHz 
SOW: disable 
- 
- 
7 
mA 


operating) 
Crystal 
CKOUT 
= fose 
5 
fose 
= 32 kHz 
(No Load) 
- 
- 
Oscilla- 
Ice " 
Supply 
Current" 
tion 
fose 
= 4 MHz 
teve = 1 !J.s 
- 
- 
5 
mA 
Circuit: 
Fig. 11 
(MPU not oper- 
fose 
= 1 MHz 
Parameter: 
- 
- 
2 
ating) 
fose 
= 32 kHz 
Table 1 
- 
300 
500 
!J.A 


Supply 
Current 
fosc 
= 4 MHz 
Vce 
= 5.0V 
- 
- 
10 


(MPU Read/Write 
fosc 
= 1 MHz 
saw: disable 
- 
- 
7 
mA 


operating) 


External 
fose 
= 32 kHz 
CKOUT 
= fose 
- 
- 
5 
lac " 
(No Load) 
Supply 
Current" 
Clock 
fosc 
= 4 MHz 
OSC2: 
open 
- 
- 
4 


mA 
(MPU not oper· 
fosc 
= 1 MHz 
teve = 1!J.s 
- 
- 
1 
ating) 
fose 
= 32 kHz 
Circuit: 
Fig. 17 
- 
60 
100 
!J.A 


• 
Supply current of HDl46818 
is defined as the value when the time-base frequency 
to be used is programmed 
into Register A. 


When power is turned on, these bits are unfixed, 
$0 there is a ca. 
that current 
more than the above specification 
may flow. 


Please never fail to set the time-base frequency 
after turning on palNer supply . 


•• 
VIH mln - Vcc-O.2V 
VIL 
me.= 
VSS+Q·2V 
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• 
AC CHARACTERISTICS 
(Vcc· 
4.&- &.2&V,V.· 
OV, TI· 
0 - +70·C, unlaeothlrwl •• notld.1 
BUS TIMING 


Item 
Symbol 
min 
typ 
mix 
Unit 


Cycle Time 
t.y• 
963 
- 
- 
ns 


Pulse Width, AS/ALE "High" 
PWASH 
100 
- 
- 
nl 


AS Rill Time 
tA8I' 
- 
- 
30 
ns 


AS Fill Time 
tASf 
- 
- 
30 
nl 


Deley Time DS/E to AS/ALE Rise 
tASO 
40 
- 
- 
nl 


OS Rise Time 
t08l' 
- 
- 
30 
nl 


OS Fell Time 
toSf 
- 
- 
30 
nl 


Pulse Width, DS/E Low or RD/WR "High" 
PWOSH 
326 
- 
- 
ns 


Pulse Width, DS/E High or RD/WR "Low" 
PWosL 
300 
- 
- 
ns 


Delay Time, AS/ALE to DS/E Rise 
tASOS 
90 
- 
- 
ns 


Address Setup Time (RtWl 
tAS1 
15 
- 
- 
ns 


Address Setup Time (CEl 
tAS2 
55 
- 
- 
ns 


Address Hold Time (R/W, CEI 
tAH 
10 
- 
- 
ns 


Muxed Address Valid Time to AS/ALE Fall 
tASL 
50 
- 
- 
ns 


Muxed Address Hold Time 
tAHL 
20 
- 
- 
ns 


Peripheral Data Setup Time 
tosw 
195 
- 
- 
ns 


Write Data Hold Time 
tOHW 
0 
- 
- 
ns 


Peripheral Output Data Delay Time From DS/E or RD 
tOOR 
- 
- 
220 
ns 


Read Data Hold Time 
tOHR 
10 
- 
- 
ns 


Input Rise and Fall Time 
t,. tf 
- 
- 
30 
ns 


Item 
Symbol 
min 
typ 
max 
Unit 


Oscillator Startup 
11 MHz.4MHz 
tRC 
- 
- 
100 
ms 


I 
32 kHz 
- 
- 
1000 
Reset Pulse Width 
tRWL 
5.0 
- 
- 
j.lS 


Reset Delay Time 
tRLH 
5.0 
- 
- 
j.lS 


Power Sense Pulse Width 
tPWL 
5.0 
- 
- 
j.lS 


Power Sense Delay Time 
tpLH 
5.0 
- 
- 
j.lS 


flfQ Release from OS 
tlRoS 
- 
- 
2.0 
j.lS 


IRQ Release from RES 
tlRR 
- 
- 
2.0 
j.ls 
VRT Bit Delay 
tVRTO 
- 
- 
2.0 
j.ls 
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t..,SL 
t •••.. 
tOHW 


tosw 


ADo-AD> 
V'H 


(Write) 
V,L 


t"'SL 
t •••.. 


ADo-AD> 


(Read) 


(NOTE) 
VIH = VOH = VCC-2.OV 
VIL 
- O.7V 
VOL - O.5V 
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HD146818 


teyc: 


ALE 


(AS pin) 


t"sDS 


V'H 


Ri5 
V'L 


(OS pin) 


PWosL 


WR 
tr 


(R/W 
pin) 
tDOR 


CE 


V'H 


ADo-AD? 


(Address/Data 
Bus) 


ALE 


(AS pin) 


RD 


(OS pin) 


WR 


(R/W pin) 


(NOTE) 
V'H 
- VOH· 
VCC-2.OV 


VIL 
• O.7V. VOL· 
O.5V 


ADo-AD? 


(Address/Data 
Bus) 
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os~ 


IIRRj_ 


IRQ 
V"" 


---------- 
(NOTE) 
VIL 
C O.BV 


VOH = VCC-2.OV 


4.5V 


Vcc 


o V :1 
PS 


V," 


- 
-~~) 
VRTSit 
"0" 
I 


(NOTE) 
VIH = VCC-2.0V 
VIL -O.7V 


vcc_}<s' 


/ 
~I~" 
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C 
e 130pF 
RL e 2kll 
R 
:2.55kll 


la) AD.-AD,.saW.CKOUT 


• 
BATTERY 
BACKED-UP OPERATION 
• 
DEFINITION 
OF BATTERY BACKED-UP OPERATION 
Active functions 
(l) 
Clock function 


(2) Retention of RAM data 
(3) RES, IRQ, CKFS, CKOUT, PS, SQW functions 
Inactive functions 
(1) 
Data bus read/write operation 


Item 
Symbol 
Test Cond ition 
min 
typ 
max 
Unit 


Supply Voltage 
VCCL 
2.7 
- 
4.5 
V 


VCCL= 3.0V 
4MHz 
- 
- 
600 
iJA 


Crystal 
saw 
: disable 
lMHz 
- 
- 
350 
iJA 
Oscillation 
CKOUT: fosc (No load) 
Supply 
32kHz 
- 
50 
100 
iJA 


ICCL. 
Current 
VCCL= 3.0V 
4MHz 
- 
- 
500 
iJA 


External 
saw: 
disable 
lMHz 
- 
- 
150 
iJA 
Clock 
CKOUT: fosc (No load) 
32kHz 
- 
30 
70 
iJA 


Battery Backed-up Transit 
tCE 
0 
- 
- 
ns 
Setup Time 
Operation Recovery Time 
tR 
Fig. 9 
tcye 
- 
- 
ns 


Supply Voltage Fall Time 
tpt 
300 
iJS 


Supply Voltage Rise Time 
tp, 
300 
- 
- 
p.s 


VCCL= 2.7V-3.5V 
CE,PS 
0.7xVCCL 
- 
VCCL 
V 


VCCL= 3.5V - 4.5V 
CKFS 
2.5 
- 
VCCL 
V 
Input "High" Voltage 
V1HL 
RES 
O.BxVccL 
VCCL 
V 
- 
OSC, 
O.BxVccL 
- 
VCCL 
V 


CKFS, PS 
-0.3 
- 
0.5 
V 


Input "Low" Voltage 
V1LL 
RES 
-0.3 
- 
0.5 
V 


OSC, 
-0.3 
- 
0.5 
V 


Output "High" Voltage 
VOHL 
IOH= -800iJA 
SaW,CKOUT 
O.BxVccL 
- 
- 
V 


Output "LOw" Voltage 
IOL= 800p.A 
SaW,CKOUT 
- 
- 
0.5 
V 


VOLL 
IRa 
0.5 
V 
- 
- 
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CKOUT 


CKFS 


OSC, 


OSC. 


Clockl 
Calendar 
Update 


Clock, Alarm, 
Calendar 
RAM 
(10 Bytes) 


BCDI 
Binary 
Increment 
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... 
_~ 
--_.0--&_- 
U. 
yG.lCllllli.7iJ. 
J.Ili.7il>UUcUil 
crystal 
at 4.194304 
MHz or 1.048576 
MHz or 32.768 
kHz 
frequencies. The crystal connections are shown in Figure II. 


• 
NOTE 
FOR 
BOARD 
DESIGN OF THE OSCILLATION 
CIRCUIT 
In designing the board, the following notes should be taken 
when the crystal oscillator is used. 


(1) Crystal oscillator, 
load capacity Cin. Couto CL and Rf, Rs 
must be placed near the LSI as much as possible. 


[ 
Normal 
oscillation 
may be disturbed 
when external] 
noise is induced to pin 2 and 3. 


~ 
4.194304 MHz 1.048576 MHz 
32.768 kHz 
Paramete 


Rs 
- 
- 
150kn 


Rf 
150kn 
150 kn 
5.6Mn 


Gin 
22 pF 
33 pF 
15 pF 


Gout 
22 pF 
33 pF 
33 pF 


CL 
- 
- 
33 pF 


CI 
80 n (max) 
700 n (max) 
40 kn (max) 


(NOTE) 
1. 
RS, CL are used for 32.768 
kHz only. 


2. 
Capacitance (Cin) should be adjusted to accurate frequency. 
Parameters listed above are applied 
to the supply 
current 


measurement 
(See table of OC CHARACTERISTICS). 


3. 
Cl: Crystal Impedance 


(2) Pin 3 signal line should be wired apart from pin 4 signal 
line as much as possible, Don't wire them in parallel, or 
normal 
oscillation 
may be disturbed 
when this signal is 
feedbacked to asc 1 • 


(3) A signal line or a power source line must not cross or go 


near the oscillation circuit line as shown in the right fJgUre 
to prevent the induction 
from these lines and perform the 


correct oscillation. The resistance among asc t , asc, and 
other pins should be over 10Mn. 


The following design must be ayoided. 


~.,A 
':~'" 


Signal 
C 
I 
I 
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• 
INTERFACE 
CIRCUIT 
FOR 
HD6801, 
HD6301 
AND 
8085 
PROCESSOR 
HD 146818 
has a new interface 
circuit which permits the 
HD 146818 to be directly interfaced with many type of multi- 
plexed bus microprocessor 
such as H0680 I, H0630 I and 8085 
etc. 


HD6801. 
HD6301 Type 8085 Type 
HDI46818 
MPU Signals 
MPU Signals 
Pin Signals 


AS 
ALE 
AS 


Figure 13 shows the bus control 
circuit. This circuit auto- 


matically 
selects the processor type by using AS!ASE to latch 


the state of DS!RD pin. Since DS is always "Low" and RD is 
always "High during AS!ALE, the latch automatically indicates 
which processor type is connected. 


8085 
Bus 
Internal 
0 
a 
Signals 


C 
6801 


Q 
Bus 


• 
ADDRESS 
MAP 
Figure 14 shows the address map of the HD146818. 
The 
memory 
consists of 50 general purpose RAM bytes, 
10 RAM 
bytes 
which normally 
contain 
the time, calendar, 
and alarm 
data, 
and four 
control 
and status 
bytes. 
All 64 bytes 
are 
directly 
readable 
and writable 
by the processor program ex- 
cept Registers C and D which are read only. Bit 7 of Register 
A and the seconds byte are also read only. Bit 7, of the second 
byte, always reads "0". 
The contents 
of the four control and 
status registers are described in the Register section. 


• 
Time, Calendar, and Alarm Locations 
The processor 
program 
obtains 
time and calendar 
infor- 
mation 
by 
reading 
the 
appropriate 
locations. 
The program 


13 
00 
14+--------+ 


50 
Bytes 
User 
RAM 


may 
initialize 
the 
time, 
calendar, 
and alarm 
by writing to 


these RAM locations. The contents 
of the 10 time, calendar, 


and alarm byte may be either binary or binary-<:oded decimal 
(BCD). 


Before 
initializing 
the 
internal 
registers, 
the 
SET bit in 


Register B should be set to a "I" 
to prevent time!calendar 


updates 
from occurring. 
The program initializes the 10 loca- 
tions in the selected format 
(binary or BCD), then indicates 
the format 
in the data mode (DM) bit of Register B. All 10 


time, calendar, and alarm bytes must use the same data mode, 
either 
binary or BCD. The SET bit may now be cleared to 


allow 
updates. 
Once 
initialized 
the 
real-time 
clock 
makes 
all updates in the selected data mode. The data mode cannot 
be chaJiged without reinitializing the 10 data bytes. 


Seconds 


Sec Alarm 
0 


Minutes 
0 


Min Alarm 
0 


Houn 


HrAlarm 
0 


Day ofWk 


Date of Mo 
0 


Month 


Yeaf 


Aegister A 
0 


Register 
8 
0 


Register C 


Register 0 
0 


Binary 
or BCD 
Contents 
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Table 2 shows the binary and BCD formats of the 10 time, 


calendar, 
and alarm 
locations. 
The 24/12 
bit in Register B 


establishes 
whether 
the 
hour 
locations 
represent 
l-to-12 
or 
0-to-23. The 24/12 bit cannot be changed without reinitializing 
the hour 
locations. 
When the 
12-hour format is selected the 
high-order bit of the hours byte represents PM when it is a "1". 


The 
time, 
calendar, 
and alarm 
bytes 
are not always ac- 


cessable 
by the 
processor 
program. 
Once-per-second 
the 
10 
bytes are switched to the update logic to be advanced by one 
second and to check for an alarm condition. 
If any of the 10 
bytes 
are read at this time, the data outputs 
are undefmed. 
The update lockout 
time is 248 
fJS at the 4.194304 
MHz and 
1.048567 MHz time bases and 1948 fJS for the 32.768 kHz time 
base. The Update 
Cycle section shows how to accommodate 


the update cycle in the processor program. 


The three 
alarm 
bytes may be used in two ways. When 
the program inserts an alarm time in the appropriate 
hours, 


minutes, 
and seconds alarm locations, 
the alarm interrupt 
is 
initiated 
at the specified time each day if the alarm enable bit 
is "I". 
The alternate 
usage is to insert a "don't 
care" state in 
one or more of three alarm bytes. The "don't 
care" code is 
any hexadecimal byte from CO to FF. That is, the two most- 
significant bits of each byte, when set to "I", 
create a "don't 


care" situation. 
An alarm interrupt 
each hour is created with 
a "don't 
care" code in the hours alarm location. Similarly, an 
alarm is generated 
every minute 
with "don't 
care" 
codes in 
the hours and minutes 
alarm bytes. 
The "don't 
care" codes 


in all three alarm bytes create an interrupt every second. 


Address 
Decimal 
Range 
Example· 


Location 
Function 
Range 
Binary 
BCD 
Binary Data Mode 
BCD Data Mode 
Data Mode 
Data Mode 


0 
Seconds 
0-59 
$00-$3B 
$00-$59 
15 
21 


1 
Seconds Alarm 
0-59 
$00-$3B 
$00-$59 
15 
21 


2 
Minutes 
0-59 
$00-$3B 
$00-$59 
3A 
58 


3 
Minutes Alarm 
0-59 
$00-$3B 
$00-$59 
3A 
58 


Hours 
1-12 
$Ol-$OC 
(AM) and 
$01-$12(AM) 
and 
05 
05 


4 
(12 Hour Mode) 
$81 -$8C 
(PM) 
$81 -$92 
(PM) 


Hours 
0-23 
$00-$17 
$00-$23 
05 
05 
(24 Hour Mode) 


Hours Alarm 
1-12 
$01 -$OC 
(AM) and 
$01-$12 
(AM) and 
05 
05 
5 
(12 Hour Mode) 
$81 -$8C 
(PM) 
$81 -$92 
(PM) 


Hours Alarm 
0-23 
$00-$17 
$00-$23 
05 
05 
(24 Hour Mode) 


6 
Day of the Week 
1-7 
$01-$07 
$01-$07 
05 
05 
Sunday = 1 


7 
Day of the Month 
1-31 
$Ol-$lF 
$01 -$31 
OF 
15 


8 
Month 
1-12 
$Ol-$OC 
$01-$12 
02 
02 


9 
Year 
0-99"" 
$00-$63 
$00-$99 
4F 
79 


• 
Example: 
5:58:21 
Thursday 
15th February 
1979 


•• 
Set the lower two digits of year in AD. 
If this number is multiple 
of 4, upjate 
applied to leap year is 8XCUted. 


• 
Static CMOS 
RAM 


The 50 general purpose RAM bytes are not dedicated within 


the HDl46818. 
They can be used by the processor program, 
and are fully available during the update cycle. 
When 
time 
and 
calendar 
information 
must 
use battery 
back-up, 
very frequently 
there is other non-volatile data that 
must be retained 
when main power is removed. The 50 user 
RAM bytes 
serve 
the 
need 
for low-power 
CMOS battery- 
backed storage, and extend the RAM available to the program. 
When further CMOS RAM is needed, additional HDl46818s 


may be included 
in the system. The time/calendar 
functions 


may be disabled by holding the dividers, in Register A, in the 
reset state by setting the SET bit in Register B or by removing 
the oscillator. Holding the dividers in reset prevents interrupts 
or SQW output 
from operating while setting the SET bit allows 
these functions 
to occur. With the dividers clear, the available 


user RAM is extended to 59 bytes. Bit 7 of Register A, Registers 
C and D, and the high-order Bit of the seconds byte cannot 
effectively be used as general purpose RAM. 


• 
INTERRUPTS 
The RTC plus RAM includes three separate fully automatic 


sources 
of interrupts 
to the 
processor. 
The alarm interrupt 


may be programmed 
to occur at rates from once-per-second 


to one-a-day. The periodic interrupt 
may be selected for rates 
from half-a-second to 30.517 
fJS. The update-<lnded interrupt 


may be used to indicate to the program that an up-date cycle 
is completed. 
Each of these independent 
interrupt 
conditions 


are described in greater detail in other sections. 


The processor 
program 
selects which interrupts, 
if any, it 


wishes to receive. Three bits in Register B enable the three 
interrupts. 
Writing a "1" 
to a interrupt-<lnable 
bit permits 


that interrupt 
to be initiated when the event occurs. A "0" in 


the' interrupt-<lnable 
bit prohibits 
the 
IRQ pin 
from 
being 


asserted due to the interrupt cause. 
. 


If an interrupt 
flag is already set when the interrupt 
becomes 


enabled, 
the 
IRQ pin 
is immediately 
activated, 
though 
the 


interrupt 
initiating the event may have occurred much earlier. 


Thus, 
there 
are cases where the program 
should clear such 
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earlier initiated interrupts before fust enabling new interrupts. 


When an interrupt 
event occurs a flag bit is set to a "I" 
in 
Register C. Each of the three interrupt 
sources have separate 


flag bits in Register C, which are set independent 
of the state 
of the corresponding 
enable bits in Register B. The flag bit 
may be used with or without enabling the corresponding enable 
bits. 
In the software scanned case, the program does not enable 


the interrupt. 
The "interrupt" 
flag bit becomes a status bit, 


which 
the 
software 
interrogates, 
when 
it wishes. When the 


software detects that the flag is set, it is an indication to soft- 
ware that 
the 
"interrupt" 
event occurred 
since the bit was 
last read. 


However, there is one precaution. 
The flag bits in Register 
C are cleared (record 
of the interrupt 
event is erased) when 
Register C is read. Double latching is included with Register 
C so the bits which are set are stable throughout 
the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts 
(on any bits) are held until after 


the read cycle. One, two, or three flag bits may be found to 
be set when Register C is read. The program should inspect 
all utilized flag bits every time Register C is read to insure that 
no interrupts are lost. 


The second 
flag bit usage method 
is with fully enabled 


interrupts. 
When an interrupt-flag 
bit is set and the correspond- 


ing inte~~nable 
bit is also set, the IRQ pin is asserted 


"Low". 
IRQ is asserted as long as at least one of the three 
interrupt 
sources 
has its flag and enable bits both 
set. The 


IRQF bit in Register C is a "I" 
whenever the IRO pin is being 


driven "Low". 
The processor program can determine that the RTC initiated 


the interrupt 
by reading Register C. A "I" 
in bit 7 (IRQF bit) 


indicates 
that 
one of more interrupts 
have been initiated 
by 


the part, The act of reading Register C clears all the then·active 
flag bits, plus the IRQF bit. When the program finds IRQF set, 
it should look at each of the individual flag bits in the same 
byte 
which 
have the 
corresponding 
interrupt-mask 
bits 
set 


and service each interrupt 
which is set. Again, more than one 


interrupt-flag bit may be set. 


• 
DIVIDER 
STAGES 
The HDI46818 
has 22 binary~vider 
staRes following the 


time base as shown in Figure 10. The output 
of the dividers is 


a I Hz signal to the update-<:ycle logic. The dividers are con- 
troller by three divider bus (DV2, DVI, and DVO) in Register 
A. 


• 
Divider Control 
The divider-<:ontrol bits have three uses, as shown in Table 


3. Three usable operating time bases may be selected (4.194304 
MHz, 1.048576 MHz, or 32.768 kHz). The divider chain may 
be held reset, which allows precision setting of the time. When 
the divider is changed from reset to an operating time base, 
the fust update cycle is. one second later. The divider-<:ontrol 
bits are also used to facilitate testing the HD146818. 


Divider Bits 
Time-Base 
Register A 
Operation 
Divider 
Bypass First 
Frequency 
Mode 
Reset 
N-Divider Bits 
DV2 
DVl 
DVO 
4.194304 MHz 
0 
0 
0 
Yes 
- 
N=O 


1.048576 MHz 
0 
0 
1 
Yes 
- 
N=2 


32.768 kHz 
0 
1 
0 
Yes 
- 
N = 7 
Any 
1 
1 
0 
No 
Yes 
- 
Any 
1 
1 
1 
No 
Yes 
- 


• 
Square-Wave Output Selection 
Fifteen of the 22 divider taps are made available to a l-of-15 
selector as shown in Figure 10. The first purpose of selecting 
a divider tap is to generate a square-wave output 
signal in the 
SQW pin. Four bits in Register A establish the square-wave 
frequency 
as listed in Table 4. The SQW frequency 
selection 
shares the l-of-15 selector with periodic interrupts. 
Once the frequency 
is selected, the output of the SQW pin 
may be turned 
on and off under program control 
with the 
square-wave 
enable 
(SQWE) bit 
in Register 
B. Altering the 
divider, square-wave output selection bits, or the SQW output- 
enable bit may generate an asymetrical 
waveform at the time 


of execution. 
The square-wave output 
pin has a number 
of 
potential 
uses. For 'example , it can serve as a frequency standard 
for external 
use, a frequency 
synthesizer, 
or could be used to 
generate one or more audio tones under program control. 


• 
Periodic Interrupt Selection 
The periodic 
interrupt 
allows the IRQ pin to be triggered 


from once every 500 ms to once every 30.517 IlS. The periodic 
interrupt 
is separate 
from the alarm interrupt 
which may be 


output from once-per-second to once-per~ay. 


Table 4 shows that 
the periodic 
interrupt 
rate is selected 


with the same Register A bits which select the square-wave 
frequency. 
Changing one also changes the 
other. 
But each 


function 
may be separately enabled so that a program could 


switch between 
the two features 
or use both. The SQW pin 


is enabled by the SQWE bit. Sintilarly the periodic interrupt 
is 


enabled by the PIE bit in Register B. 


Periodic 
interrupt 
is usable by practically 
all real-time sys- 


tems. It can be used to scan for all forms of input from contact 
closures to serial receive bits or tyes. It can be used in multi- 
plexing displays or with software counters 
to measure inputs, 


create output intervals, or await the next needed software func- 
tion. 
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4.194304 or 1.048576 MHz 
32.768 kHz 
Rate Select 
Time Base 
Time Base 
Control Register 1 
Periodic 
Periodic 
Interrupt Rate 
saw Output 
Interrupt 
Rate 
saw Output 
RS3 
RS2 
RSI 
RSO 
tpi 
Frequency 
tPI 
Frequency 


0 
0 
0 
0 
None 
None 
None 
None 


0 
0 
0 
1 
30.517 
lIS 
32.768 kHz 
3.90625 ms 
256 Hz 


0 
0 
1 
0 
61.035 lIS 
16.384 kHz 
7.8125 ms 
128 Hz 


0 
0 
1 
1 
122.070 
lIs 
8.192 kHz 
122.070 
lIS 
8.192 kHz 


0 
1 
0 
0 
244.141 
lIs 
4.096 kHz 
244.141 
lIs 
4.096 kHz 


0 
1 
0 
1 
488.281 
lIS 
2.048 kHz 
488.281 
lIS 
2.048 kHz 


0 
1 
1 
0 
976.562 
lIS 
1.024 kHz 
976.562 
lIS 
1.024 kHz 


0 
1 
1 
1 
1.953125 ms 
512 Hz 
1.953125 ms 
512 Hz 


1 
0 
0 
0 
3.90625 ms 
256 Hz 
3.90625 ms 
256 Hz 


1 
0 
0 
1 
7.8125 ms 
128 Hz 
7.8125 ms 
128 Hz 
1 
0 
1 
0 
15.625 ms 
64 Hz 
15.625 ms 
64 Hz 


1 
0 
1 
1 
31.25 ms 
32 Hz 
31.25 ms 
32 Hz 


1 
1 
0 
0 
62.5 ms 
16 Hz 
62.5 ms 
16 Hz 


1 
1 
0 
1 
125 ms 
8 Hz 
125 ms 
8 Hz 


1 
1 
1 
0 
250 ms 
4 Hz 
250 ms 
4 Hz 


1 
1 
1 
1 
500 ms 
2 Hz 
500 ms 
2 Hz 


• 
Initialization of the Time and tha Start Sequance 
The ftrst update of the time occurs about 500ms later after 
the SET bit of control register B is reset. So keep followings in 
mind when initializing and adjusting the time. 
Procedure of time initialization 


(l) 
Set the SET bit of control register B. (SET = "I") 


(2) 
Set "I" 
into all the ova, 1,2 bits of control register A. 
(OVO = OVI = OV2 = "I") 


(3) 
Set the time and calendar to each RAM. 
(4) 
Set the frequency in use into ova, I and OV2. 


(5) 
Reset the SET bit. (SET = "0") 


Restriction on TimlH>f-day and Calendar Initialization 
There is a case in HDI46818 
(RTC) that update is not exe- 
cuted correctly 
if time of day and calendar shown below are 
initialized. Therefore, 
initialize the RTC without using time of 


Calendar, Time of day 
Examples 
& Status after Update 


If 29th 23:59:59 
in all the months is initial· 
ized, update to 1st in the next month is 
Mar. 29th 
executed. (Jan. - Dec. However except for 
-+Apr.lst 


Feb. 29th in leap year) 
If 30th 23: 59:59 in Apr., June, Sept., and 
Apr. 30th 
Nov. is initialized, update to 31st in each 
month is executed. 
-+Apr.31st 


If Feb. 28th 23:59:59 
(not in leap year) is 
Feb. 28th. 1983 
initialized, update to Feb. 29th is executed. 
-+Feb. 29th,1983 
If Feb. 28th 23:59: 58 (in leap year) is ini· 
Feb. 28th,1984 
tialized, update to Mar. 1st is executed. 
-+Mar.1st,1984 


• 
UPDATE CYCLE 
The HOl46818 
executes an update cycle once-per-second, 


assuming one of the proper time bases is in place, the divider 
is not clear, and the SET bit in Register B is clear. The SET bit 
in the "I" 
state permits the program to initialize the time and 
calendar bytes by stopping an existing update 
and preventing 
a new one from occurring. 


The primary 
function 
of the update cycle is to increment 


the seconds byte, check for overflow, increment 
the minutes 


byte when appropriate 
and so forth 
through 
to the year of 


the century 
byte. The update cycle also compares each alarm 


byte 
with 
the corresponding 
time byte 
and issues an alarm 


if a match or if a "don't 
care" code (llXXXXXX) 
is present 


in all three positions. 


With a 4.194304 
MHz or 1.048576 MHz time base the up- 
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date cycle takes 248 IJ,Swhile a 32.768 kHz time base update 
cycle takes 1984 IJ,S.During the update cycle, the time, calen- 
dar, 
and 
alarm 
bytes 
are not 
accessable by 
the 
processor 
program. 
The HDI46818 
protects 
the program from reading 
transitional 
data. 
This 
protection 
is provided 
by switching 
the 
time, 
calendar, 
and alarm portion 
of the RAM off the 
microprocessor 
bus 
during 
the 
entire 
update 
cycle. 
If the 
processor 
reads 
these 
RAM locations 
before 
the 
update 
is 
complete the output 
will be undefined. The update in progress 
(UIP) status bit is set during the interval. 


A program which randomly accesses the time and date infor- 
mation 
finds 
data 
unavailable 
statistically 
once 
every 4032 
attempts. 
Three 
methods 
of accommodating 
nonavailability 
during 
update 
are usable by the program. 
In discussing the 
three 
methods 
it is assumed that at random points user pro- 


grams are able to call a subroutine to obtain the time of day. 
The 
fust 
method 
of avoiding the 
update 
cycle uses the 
update-ended 
interrupt. 
If enabled, 
an interrupt 
occurs after 
every update cycle which indicates that over 999 ms are avail- 
able to read valid time and date information. 
During this time 
a display could be updated or the information 
could be trans- 
fered to continuously 
available RAM. Before leaving the inter- 
rupt 
service routine, 
the IRQF bit in Register C should be 
cleared. 


The second method 
uses the update-in-progress 
bit (VIP) 
in Register A to determine 
if the update cycle is in progress 
or not. 
The VIP bit will pulse once-per-second. 
Statistically, 
the 
VIP bit will indicate 
that 
time and date information 
is 
unavailable once every 2032 attempts. 
After the VIP bit goes 
"1", 
the update cycle begins 244 I1slater. Therefore, if a "0" 
is read on the VIP bit, the user has at least 244 IlS before the 
time/calendar 
data will be changed. 
If a "I" 
is read in the 
UIP bit, 
the time/cll1endar data may not be valid. The user 
should avoid interrupt 
service routines 
that would cause the 


time needed to read valid time/calendar 
data to exceed 244lJ,s. 


The third method 
uses a periodic interrupt 
to determine if 


an updAte cycle is in progress. The UIP bit in Register A is set 
"I" 
between the setting of the PF bit in Register C (see Figure 


16) 
Periodic 
interrupts 
that 
occur at a rate of greater than 


tBue + tue 
allow valid time and date information 
to be read 


at each occurrence 
of the periodic interrupt. 
The reads should 


be completed 
within 
(tPI + 2) + tBue to insure that data is 


not read during the update cycle. 


• 
POWER·DOWN 
CONSIDERATIONS 
In most 
systems, 
the 
HD 146818 
must continue 
to keep 


time when system power is removed. In such systems, a con- 
version 
from 
system 
power 
to an alternate 
power 
supply, 


usually a battery, 
must be made. During the transition 
from 


system to battery 
power, the designer of a battery backed-up 


RTC system 
must 
protect 
data 
integrity, 
minimize 
power 


consumption, 
and 
ensure 
hardware 
reliability 
according 
to 
the 
specification 
descnbed 
in the 
section 
regarding Battery 
Backed-up operation. 


The chip enable (CE) pin controls all bus inputs (RjW, DS, 


AS, ADo - 
AD,). CE, when negated, disallows any unintended 
modification 
of the RTC data by the bus. CE also reduces 


power 
consumption 
by reducing 
the 
number 
of transitions 


seen internally . 
Power consumption 
may be further 
reduced 
by removing 


resistive and capacitive 
loads 
from the clock out (CKOVT) 


pin and the squarewave (SQW) pin. 
During 
and 
after 
the 
power 
source 
conversion, 
the VIN 


maximum 
specification 
must 
never be exceeded. 
Failure 
to 


meet 
the 
VIN 
maximum 
specification 
can 
cause 
a virtual 
SCR to appear which may result in excessive current 
drain 
and destruction of the part. 


~~:i~~ri~ 
-----------------t-B-ue--J-~I.u' 


UF bit in 
I 
rmm 
Register 
C 
1 WllJ 
_ 
r--tPI+2----1 


~ 
.. 
tP_I-=--=--==="rol 
r- 


tP1 


+ 
2=1. 
PF bit in 
Register 
C 
----- 


tpi 
• 
Periodic 
Interrupt 
Time 
Interval 
(500 ms, 250 ms, 125 ms, 62.5 ms. HtC.) 
tue 
• Update eyel. 
Tim. 
(248,.. 
or 19841") 
teue 
• D.lay Tim. 
B.for. 
Update Cyel. 
(244,..) 
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• 
SIGNAL 
DESCRIPTIONS 
The block diagram in Figure 10, shows the pin connection 


with the major internal functions of the HDI46818 
Real-Time 


Clock plus RAM. The following paragraphs describe the func- 
. tion of each pin. 


• 
Vcc. Vss 
DC power is provided to the part on these two pins, Vcc 


being the most positive voltage. The minimum 
and maximum 


voltages are listed in the Electrical Characteristics tables. 


The time base for the time functions 
may be an external 


signal 
or 
the 
crystal 
oscillator. 
External 
square 
waves at 


4.194304 
MHz, 1.048576 MHz, or 32.768 kHz may be connect- 


ed to OSC 1 as shown in Figure 17 The time-base frequency 
to be used is chosen in Register A. 


4.194304 
MHz 
or 
1.048576 
MHz 


or 
32.768 
kHz 


~ 


vee 


Optional 


tvee-1.0V) 


The 
on-chip 
oscillator 
is designed for a parallel resonant 


crystal at 4.194304 
MHz or 1.048576 MHz or 32.768 kHz fre- 
quencies. The crystal connections are shown in Figure II. 


The CKOUT pin is an output 
at the time-base frequency 
divided by I or 4. A major use for CKOUT is as the input clock 
to the 
microprocessor; 
thereby 
saving the cost of a second 


crystal. The frequency of CKOUT depends upon the time-base 
frequency and the state of the CKFS pin as shown in Table 5. 


The CKOUT pin is an output 
at the time-base frequency 
divided by I or 4. CKFS tied to Vcc causes CKOUT to be the 
same frequency as the time base at the OSC 1 pin. When CKFS 
is at Vss, 
CKOUT is the OSC, 
time-base frequency 
divided 


Time Base 
Clock 
Frequency 
Clock 
Frequency 
(OSC.) 
Select Pin 
Output 
Pin 
Frequency 
(CKFS) 
(CKOUT) 


4.194304 
MHz 
"High" 
4.194304 
MHz 
4.194304 
MHz 
"Low" 
1.048576 MHz 
1.048576 MHz 
"High" 
1.048576 MHz 
1.048576 MHz 
"Low" 
262.144 
kHz 
32.768 kHz 
"High" 
32.768 kHz 


32.768 kHz 
"Low" 
8.192 kHz 


The 
SQW pin can output 
a signal one of 15 of the 22 
internal-divider 
stages. The frequency 
and output 
enable of 
the SQW may be altered by programming Register A, as shown 
in Table 4. The SQW signal may be turned 
on and off using 
a bit in Register B. 


Multiplexed 
bus 
processors 
save pins 
by presenting 
the 
address 
during 
the flfst portion 
of the bus cycle and using 
the 
same pins during the second portion 
for data. Address- 
then-data 
multiplexing 
does not 
slow the access time of the 


HDI46818 
since the bus reversal from address to data is oc- 


curring during the internal RAM access time. 
The address must be valid just prior to the fall of AS/ALE 
at which time the HDl46818 
latches the address from ADo to 


ADs. Valid write data must be presented and held stable during 
the latter 
portion 
of the DS or WR pulses. In a read cycle, 


the HDI46818 
outputs 
8 bits of data during the latter portion 
of the DS or RD pulses, then ceases driving the bus (returns 
the output 
drivers to three-state) when DS falls in the HD6801, 


HD6301 case or RD rises in the other case. 


A positive 
going multiplexed 
address 
strobe 
pulse serves 


to demultiplex 
the bus, The falling edge of AS or ALE causes 


the 
address 
to be latched 
within 
the 
HD146818. 
The bus 
control 
circuit in the HDl46818 
also latches the state of the 
DS pin with the falling edge of AS or ALE. 


The 
DS pin has two interpretations 
via the bus control 
circuit. 
When emanating 
from 
6801 
family 
type 
processor, 
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OS is a positive pulse during the latter 
portion 
of the bus 
cycle, and is variously called OS (data strobe), E (enable), and 
q" 
(q" 
clock). During read cycles. OS signifies the time that the 
RTC is to drive the bidirectional 
bus. In write cycles, the trail- 
ing edge of OS causes the Real-Time Clock plus RAM to latch 
the written data. 


The second interpretation 
of OS is that of RD, MEMR, or 
lIaR 
emanating 
from the 8085 
ty'pe processor. In this case, 


OS identifies 
the time period 
when the real-time clock plus 
RAM drives the 
bus with 
read data. This interpretation 
of 
OS is also the same as an output·~mable signal on a typical 
memory. 


The bus control 
circuit, within the H0146818, 
latches the 


state of the OS pin on the falling edge of AS/ALE. When 680 I 
mode, OS must be "Low" 
during AS/ALE, which is the case 
with 6801 
family multiplexed 
bus processors. 
To insure the 


8085 
mode of this circuit 
the OS pin must remain "High" 
during the time AS/ALE is "High". 


• 
RIW - ReadlWrite 


The bus control 
circuit treats the R/W pin in one of two 
ways. When 680 I family type processor is connected, 
R/W is 
a level which indicates whether 
the current cycle is a read or 


write. 
A read cycle is indicated with a "High" I~vel on R/W 


while OS is "High". whereas a write cycle is a "Low" on R/W 
during OS 
The 
second 
interpretation 
of R/W is as a negative write 


pulse, WR, MEMW, and I/OW from 8085 type processors. This 
circuit 
in this mode gives R/W pin the same meaning as the 
write (W) pulse on many generic RAMs. 


• 
CE - Chip Enable 


The 
chip-enable 
(CE) 
signal must 
be 
asserted 
("Lo~ 
for a bus cycle in which the HOl46818 
is to be accessed. CE 
is not latched 
and must be stable during OS and AS (in the 
680 I case) and during RO and WR (in the 8085 case). Bus 
cycles which take place without asserting CE cause no actions 
to take place within the HDI46818. 
When CE is "High", the 
multiplexed bus output is in a high-impedance state. 
When CE is "High", 
all address, data, OS, and R/W inputs 
from the processor are disconnected within the H0146818. 
This permits 
the HO 146818 
to be isolated from a powered- 
down processor. When CE is held "High", an unpowered device 
cannot 
receive power through 
the input 
pins from the real- 


time clock power source, Battery power consumption 
can thus 
be reduced 
by using a pullup resistor or active clamp on CE 


when the main power is off, 


• 
IRQ - Interrupt Request 


The IRQ pin is an active "Low" 
output of the HOl46818 
that may be used as an interrupt 
input to a processor, The IRQ 
output 
remains "Low" 
as long as the status 
bit causing the 


interrupt 
is present and the corresponding interrupt-<:nable bit 


is set. To clear the IRQ pin, the processor program normally 
reads Register C, The RES pin also clears pending interrupts, 


When no interrupt 
conditions 
are present, 
the IRQ level is 


in 
the 
high-impedance 
state, 
Multiple 
interrupting 
devices 


may thus be connected 
to an IRQ bus with one pullup at the 


processor, 


The RES pin does not affect the clock, calendar, or RAM 
functions, 
On powerup, 
the RES pin must be held "Low" 
for 


the specified time, tRLH, in order to allow the power supply 
to stabilize, 
Figure 18 shows a typical representation 
of the 


RES pin circuit, 


When RES is "Low" the following occurs: 
a) 
Periodic Interrupt Enable (PIE) bit is cleared to "0", 


b) 
Alarm Interrupt Enable (AlE) bit is cleared to "0", 


c) 
Update ended interrupt 
Enable (VIE) bit is cleared to 
"0", 


d) 
Update ended Interrupt 
Flag (UF) bit is cleared to "0", 


e) 
Interrupt 
Request status Flag (IRQF) bit is cleared to 


'''0'', 
f) 
Periodic Interrupt Flag (PF) bit is cleared to "0". 


g) 
Alarm Interrupt 
Flag (AF) bit is cleared to "0", 


h) 
IRQ pin is in high-impedance state, and 
i) 
Square Waveoutput Enable (SQWE) bit is cleared to "0", 


The power-sense 
pin is used in the control 
of the valid 


RAM and time (VRT) bit in Register C. When the PS pin is 
"Low" the VRT bit is cleared to "0", 


Ouring powerup, the PS pin must be externally held "Low" 


for the specified time, tPLH' As power is applied the VRT bit 
remain "Low" 
indicating that the contents 
of the RAM, time 
registers, and calendar are not guaranteed, When normal opera- 


System 


Vcc 


T O.OOSjlF 
* 
Vss 


~HITACHI 


Hitachi America 
Ltd. 
• 
2210 O'Toole Avenue 
• 
San Jose, CA 95131 
• 
(408) 435-8300 


tion commences PS should be permitted to go "High". Output 
signal from external power sence circuit will be connected to 
this input . 


• 
REGISTERS 
The H0146818 
has four registers which are accessible to the 
processor 
program. 
The four 
registers are also fully acces- 


sible during the update cycle. 


Reod/Write 


Register 
except UIP 


UIP - The update in progress (UIP) bit is a status flag that may 
be monitored 
by the program. When VIP is a "I" 
the update 


cycle is in progress or will soon begin. When VIP is a "0" 
the update cycle is not in progress and will not be for at least 
244 jJ.S(for all time bases). This is detailed in Table 6. The 
time, calendar, and alarm information 
in RAM is fully available 


to the program when the VIP bit is zero - it is not in transition. 
The VIP bit is a read-only bit, and is not affected by Reset. 
Writing the SET bit in Register B to a "I" 
inhibit any update 


cycle and then clear the VIP status bit. 


Time Base 
Update Cycle 
Minimum Time 


UIP Bit 
Before Update 
(OSCd 
Time (tud 
Cycle (teud 


1 
4.194304 MHz 
24BjJ.s 
- 


1 
1.048576 MHz 
248jJ.s 
- 


1 
32.768 kHz 
1984jJ.s 
- 


0 
4.194304 MHz 
- 
244jJ.s 


0 
1.048576 MHz 
- 
244jJ.s 
0 
32.768 kHz 
- 
244jJ.s 


OV2, OV1, OVO - Three bits' are used to permit the program 
to select various conditions 
of the 22~tage divider chain. The 


divider 
selection 
bits 
identify 
which 
of the three 
time-base 


frequencies is in use. Table 3 shows that time bases of 4.194304 
MHz, 1.048576 MHz, and 32.768 kHz may be used. The divider 
selection bits are also used to reset the divider chain. When the 
time/calendar 
is fust 
initialized, 
the program may start 
the 


divider at the precise time stored in the RAM. When the divider 
reset is removed the first update cycle begins half a second later. 
These three read/write 
bits are never modified by the RTC and 


are not affected by RES. 


RS3, RS2, RS1, RSO - The four rate selection bits select one 
of 15 taps on the 22-stage divider, or disable the divider output. 
The tap selected may be used to generate an output 
square 


wave (SQW pin) 
and/or 
a periodic 
interrupt. 
The program 


may do one of the following: 
I) enable the interrupt 
with the 
PIE bit, 2) enable the SQW output 
pin with the SQWE bit, 3) 


enable both 
at the same time at the same rate, or 4) enable 


neither. Table 4 lists the periodic interrupt rates and the square- 
wave frequencies 
that may be chosen with the RS bits. These 


four bits are read/write 
bits which are not affected by RES and 


are never changed by the RTC. 


SET - 
When the SET bit is a "0", the update cycle functions 
normally 
by 
advancing 
the 
counts 
once-per~cond. 
When 
the SET bit is written to a "I", 
any update cycle in progress is 
aborted 
and the program may initialize the time and calendar 
bytes without 
an update occurring in the midst of initializing. 


SET is a read/write bit which is not modified by RES or internal 
functions of the H0146818. 


PIE - 
The periodic interrupt 
enable (PIE) bit is a read/write 
bit which allows the periodic-interrupt 
flag (PF) bit to cause 
the IRQ pin to be driven "Low". 
A program writes a "I" 
to 
the PIE bit in order to receive periodic interrupts 
at the rate 
specified 
by the 
RS3, 
RS2, 
RSI, 
and RSO bits in Control 
Register 
A. A "0" 
in PIE blocks IRQ from being initiated 
by a periodic interrupt, 
but the periodic flag (PF) bit is still 
at 
the 
periodic 
rate. 
PIE 
is not modified 
by any internal 


HOl46818 
functions, but is cleared to "0" by a RES. 


AlE - The alarm interrupt 
enable (AlE) bit is a read/write 
bit 
which when set to a "I" 
permits the alarm flag (AF) to assert 
IRQ. An alarm interrupt 
occurs for each second that the three 
time bytes 
equal 
the three alarm bytes (including 
a "don't 
care" 
alarm code of binary 
llXXXXXX). 
When the AlE bit 
is a ''0'', 
the AF bit does not initiate an IRQ signal. The RES 
pin clears AlE to "0". 
The internal 
functions 
do not affect 
the AlE bit. 


UIE - 
The VIE (update-ended 
interrupt 
enable) bit is a read/ 
write bit which enables the update-end 
flage (UF) bit to assert 
IRQ. The RES pin going "Low" or the SET bit going "I" 
clears 
the VIE bit. 
SOWE - 
When the square-wave enable (SQWE) bit is set to a 
"I" 
by the program, 
a square-wave signal at the frequency 
specified in the rate selection bits (RS3 to RSO) appears on the 
SQW pin. When the SQWE bit is set to a "0" the SQW pin is 
held "Low". 
The state 
of SQWE is cleared by the RES pin. 
SQWE is a read/write bit. 


OM - 
The data mode (OM) bit indicates whether 
time and 
calendar updates are to use binary or BCO formats. The OM bit 
is written 
by the processor program and may be read by the 
~am, 
but 
is not 
modified 
by any internal 
functions 
or 
RES. A "I" 
in OM signifies binary data, while a "0" 
in OM 
specified binary~oded"'ecimal 
(BCO) data. 


24/12 
- 
The 24/12 control 
bit establishes the format of the 
hours bytes as either the 24-hour mode (a "I") 
or the 12-hour 
mode (a "0"). 
This is a read/write 
bit, which is affected only 


by the software. 


OSE - 
The daylight savings enable (OSE) bit is a read/write 
bit which allows the program to enable two special updates 
(when OSE is a "I"). 
On the last Sunday in April the time 
increments 
from 
I :59:59 
AM to 3:00:00 
AM. On the last 


Sunday 
in October 
when the time fust reaches I :59:59 
AM 
it changes to I :00:00 AM. These special updates do not occur 
when the OSE bit is a "0". OSE is not changed by any internal 
operations or reset. 
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• 
Register C ($OC) 


MSB 


IRQF - The interrupt 
request flag (IRQF) is set to a "I" 
when 


one or more of the following are true: 


PF = PIE ="1" 
AF=AIE="I" 
UF=UIE="I" 
i.e., IRQF = PF • PIE + AF • AlE + UF • VIE 


Any time the IRQF bit is a "I", 
the IRQ pin is driven 


"Low". 
All flag bits are cleared after Register C is read by the 
program 
or when the RS pin is low. A program 
write to 


Register C does not modify any of the flag bits. 


PF - 
The periodic interrupt 
flag (PF) is a read-{)nly bit which 


is set to a "I" when a particular edge is detected on the selected 
tap of the divider chain. The RS3 to RSO bits establish the 
periodic rate. PF is set to a "I" 
independent 
of the state of the 


PIE bit. PF being a "I" 
initiates an IRQ signal and the IRQF 


bit when PIE is also a "I". 
The PF bit is cleared by a RES or 


a software read of Register C. 


AF - A "I" 
in the AF (alarm interrupt 
flag) bit indicates that 
the current 
time has matched 
the alarm time. A "I" 
in the 
AF causes the IRQ pin to go "Low", 
and a "I" 
to appear in 


the IRQF bit, when the AlE bit also is a "I". 
A RES or a read 


of Register C clears AF. 


UF - The update-ended 
interrupt 
flag (UF) bit is set after each 


update cycle. When the UlE bit is a ".!..::.Lthe"I" 
in UF causes 
the IRQF bit to be a "1", 
asserting IRQ. UF is cleared by a 


Register C read or a RES. 


b3 to bO - 
The unused bits of Status Register C are read as 
"O's". They can not be written. 


• 
Register 0 ($00) 


MSB 


VRT - The valid RAM and time (VRT) bit indicates the condi- 
tion of the contents 
of the RAM, provided the power sense 
(PS) pin is satisfactorily 
connected. 
A "0" 
appears 
in the 
VRT bit when the power-sense pin is "Low". 
The processor 


program can set ti)e VRT bit when the time and calendar are 
initialized 
to indicate 
that 
the RAM and time are valid. The 


VRT is a read/only bit which is not modified by the RES pin. 
The VRT bit can only be set by reading the Register D. For 
setting this bit, PS signal needs to be "High" level. 


b6 to bO - The remaining bits of Register D are unused. They 
cannot be written, but are always read as "O's". 


• 
NOTE FOR USE 
Input Signal, which is not necessary for user's application, 


should be used fixed to "High" or "Low" level. This is appli- 
cable to the follOWingsignal pins. 


CKFS,PS 
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RESTRICTION 
ON HDl46818 
USAGE It) 


The daylight 
saving function 
can not be performed 
on the HD146818P 
(X type). 
So do not use this function 
for 
the system 


design. 


• 
2B2 
U 


HDl46B1BP 


JAPAN 


< Restriction 
on usage> 


Please set "0" 
to DSE bit (Daylight 
Saving Enable bit) on initializing 
the control 
register B. 
DSE = "1" 
is prohibited. 


RESTRICTION 
ON 
HDl46818 
USAGE 
(21 


Access to HD146818 
needs to be performed 
under following 
conditions. 


(il Chip-enable 
(CE) must 
be asserted to active 
"Low" 
level only 
when 
MPU performs 
read/write 
operation 
from/into 
internal 
RAM (Time and Calendar 
RAM, Control 
register, User RAM). 


(ii) 
User RAM and control 
register must be accessed in less than 1/4 frequency 
shown below. 
(Example: 
After 
one access, non-access cycles more than three cycles are necessary to be inserted.) 


~ 
Non-Access 


Access to HD146B18 


Access 
to HD146818 
(Two 
Continuous 
Accesses) 


Ju shown 
in the 
above 
{exemple 
2]. when 
HD146818 
is accessed 
continuously, 
continuous 
access 
must 


not be executed 
over fifty times. 


liii) 
The application 
that User RAM is used for program area should be avoided. 
(Inhibit 
continuous 
access.) 


liv) 
Minimize 
the noise by inserting 
noise bypass condenser between power supply and ground 
pin (Vcc-Vss). 


(Insert noise bypass condenser as near HD146818 
as possible.) 


RESTRICTION 
ON 
HDl46818 
USAGE 
(3) 


Chip-enable 
(CE) must be stable between 
falling 
edge of OS and rising edge of AS shown below. 
(Address decoder hazard 
needs to be externally 
suppressed in this period.) 
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